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Abstract

This study deals with the relevance of spectral emphasis for
accent detection. Spectral emphasis may be described as an
acoustic feature reflecting the relative intensity in the higher
frequency bands. In an experiment using a rudimentary accent
detector, spectral emphasis was shown to be more useful for
the detection of accents than overall intensity. Furthermore,
spectral emphasis was found to outperform f0 in certain
conditions. It is argued here, therefore, that it might be
worthwhile to include spectral emphasis in systems using a
combination of acoustic features for automatic classification of
prosodic categories.

1. Introduction

One of the possible uses of prosodic information in speech
recognition and understanding is location of ’important’
words, through the detection of accented words. This study
deals with the usefulness of spectral emphasis, i.e. an acoustic
feature reflecting the relative intensity in the higher spectral
regions, for accent detection.

Systems for automatic classification of prosodic
categories, including accented words, typically use some
combination of duration, fundamental frequency (f0) and
intensity features [1, 2, 3, 4, 5]. Among these features,
duration and f0 are regarded as the more robust ones, since
they are relatively insensitive to channel effects such as
distance from the speaker to the microphone. Intensity, on the
other hand, is greatly influenced by channel effects and
thereby less robust. At the same time, some kind of loudness
variation is intuitively felt to be part of the prosodic signaling.
This is why certain other operationalizations of loudness than
intensity (e.g. spectral balance, spectral emphasis or spectral
tilt), have been explored to detect prominent words [6] and for
the classification of accented, stressed and unstressed
syllables [7, 8, 9]. And, indeed, these measures were also
generally found to be more reliable than intensity.

Just as there are several terms to denote the phenomenon
we are interested in here (i.e. spectral balance, spectral
emphasis, and spectral tilt), there are several methods for
measuring it. Furthermore, there seems to be no consensus as
to which term is to be associated with which method. Here,
the term spectral tilt will be used for measures explicitly
representing the slope of the spectrum, while spectral
emphasis will be used for measures of the relative energy in
the higher frequency bands, or, put differently, the relative
contribution of the high frequency parts of the spectrum to the
overall intensity.

A commonly used measure of spectral tilt is the difference
(in dB) between the first harmonic (H1*) and the third (A3*)
formant peak with corrections for the influence of the first
formant on H1* and of the first and second formants on A3*

[8, 10]. A related estimate of spectral tilt is the difference
between the first and second harmonics (H1-H2) [6, 11, 12,
13].

Furthermore, there exist several implementations of
spectral emphasis. In the influential work by Sluijter and van
Heuven spectral balance was measured as the intensity in four
contiguous frequency bands: 0-0.5, 0.5-1, 1-2, 2-4 kHz [7].
Moreover, an estimate of spectral emphasis used in recent
studies by Fant and colleagues [14, 15, 16] is the difference
(in dB) between signals with a high frequency pre-emphasis
and a flat frequency weighting (SPHL-SPL). Several authors
have also measured spectral emphasis as the difference
between the overall intensity and the intensity in a low-pass-
filtered signal [6, 17, 18, 19]. The latter methods differ mainly
in the low-pass filter cut-off frequency.

A measure of the last mentioned type was used in a
previous accent detection study [20] where spectral emphasis
was calculated as the difference (in dB) between the overall
intensity and the intensity in a signal that was low-pass
filtered at 1.5 times the f0 mean for each utterance [as was
also done in 18, 19]. The rationale behind a filter cut-off
frequency at 1.5 times f0 is to separate the fundamental from
the rest of the harmonics (the second harmonic being at 2
times f0) and to obtain a normalized measure of the energy in
the higher frequency bands. However, determining the low-
pass filter from the f0 mean of a whole utterance does not
seem altogether satisfactory. For in the case where f0 is below
the f0 mean of the whole utterance, more will pass through the
filter than just the fundamental, which will bring about lower
spectral emphasis. Similarly, when f0 is above the mean, the
result will be higher spectral emphasis. Therefore, such a
measure tends to favor words with higher f0 than the mean
and disfavor those with lower f0 than the mean in accent
detection. Although this measure will probably favor accented
words, it may also prove to favor words in sentence initial
position and disfavor final words, given a general declining
trend in f0 over the course of the utterance.

To overcome this problem, we have developed a new and
fully automatic technique for measuring spectral emphasis
applying a dynamic low-pass filter with a cut-off frequency
following the course of the fundamental frequency [see also
21]. This technique will be described in more detail below.

The aim of this study is to explore the usefulness of this
particular implementation of spectral emphasis for the
detection of focal accent in a Swedish material. To estimate
the possible gain in including such a measure in a system
using several kinds of acoustic information, the detection
using spectral emphasis will be compared to that obtained
using overall intensity and f0 data.



2. Method

2.1. Spectral emphasis

As we have just seen, spectral emphasis reflects the relative
contribution of the high frequency parts of the spectrum. In
the particular implementation used here this was done by
calculating the difference (in dB) between the overall
intensity and the intensity of the fundamental (H1). These
intensities were measured using a 25 ms Hamming window
with a 12.5 ms frame advance. What is new about this is that
the H1 intensity was measured using a dynamic low-pass
filter with a cut-off frequency following the course of f0. The
low-pass filter was a two-pole filter with a slope of 12 dB per
octave. As spectral emphasis is meant to reflect features
present in the voice source, it was only calculated for
segments classified as voiced by the f0 analysis, and the
values in the unvoiced segments were set to zero. This
measure was adopted with a full understanding of the fact that
it will be influenced not only by the source, but also by the
filter function [15]. However, no corrections for the influence
of formants were made in this study. The spectral emphasis
measure was implemented in an ESPS/Waves+™
environment.

1.2. The accent detector

The accent detector was based on the assumption that the
focally accented word is the most prominent word in the
phrase. It was assumed, in other words, that there can only be
one focally accented word in each phrase. It was also assumed
that these prominence relations would show up in the measure
of spectral emphasis. The detector was thus expected to select
the word containing the highest value of spectral emphasis in
the phrase and classify it as accented. Furthermore, because
some smoothing had formerly turned out to be advantageous
for the detector, the mean across each segment was used. For
comparison, similar detectors were also created for overall
intensity and f0 data. However, for the f0 data there was no
smoothing except that already inherent in the f0 analysis. The
f0 analyses were obtained using the ESPS program get_f0 with
its default settings. There was no normalization of f0 with
respect to factors such as position in the sentence, intrinsic
pitch, etc. Thus, also the f0 detector picked the highest value
within each sentence.

The performance of the detectors was evaluated on the
basis of comparisons with the intended positions for focal
accents in the speech material as produced by the speakers
and as verified through listening during and after the
recordings.

1.3. Speech material

The detector was tested on a database of 1200 read-aloud
Swedish sentences that had been manually segmented into
phonemic units. All of these sentences consisted of one
prosodic phrase and had been chosen to include accents in
different positions in the sentence. Taken together they
provide a relatively large basis for generalizations. For a more
detailed description of the database, see [21].

The database was composed of three subsets, two of
which were also analyzed separately for the purpose of
investigating whether position in the sentence and several
word intrinsic factors influenced the detection. These two
subsets will be described in some detail.

The position subset consisted of sentences where the
words mannen  (‘the man’), kvinnan (‘the woman’), and
barnen (‘the children’), separated by och (‘and’), were
combined so that all the three content words occurred
successively in initial, medial and final position. Furthermore,
there were three versions of each combination, with a focal
accent on either the initial, medial or final content word in the
sentence. Thus, the same words occurred with and without
focal accents in all positions in the sentence.

The word intrinsic factors subset contained sentences,
where 40 verbs occurred in medial sentence position in the
carrier phrase Mannen VERB kvinnan. The verbs were
chosen so as to balance the number of phonologically long
and short vowels in the stressed syllables, of open and closed
vowels in the stressed syllable, of accent I and II words (the
Swedish word accents) and to include a variety of consonantal
contexts. There were three versions of each sentence – with
focal accents on either word – also in this subset.

3. Results

As expected, the results for the whole database showed that
spectral emphasis was a better predictor of accents than
overall intensity; 75% correct detections were obtained using
spectral emphasis and 69% using overall intensity. More
surprisingly, however, spectral emphasis also outperformed f0

as a predictor of accented words as only 67% correct
detections were obtained using the f0 information. Recall that
‘correct detections’ should be understood as the number of
cases where the assumptions of the detector (i.e. that the
highest value in the phrase of a given acoustic measure should
be located in the focally accented word) proved to be correct.
Thus, it was more often the case that the highest value of
spectral emphasis in the sentence was found in the accented
word than the highest values of f0 and overall intensity.

Moreover, the analyses of the subsets of the database
showed that spectral emphasis was also more reliable than
overall intensity in the sense that it proved to be less affected
by various prosodic and segmental factors. Firstly, the
position of the focally accented word in the sentence had a
weaker influence on spectral emphasis than on overall
intensity (cf. Table 1). Secondly, also word accent and
relative vowel height affected spectral emphasis less than
overall intensity (cf. Table 2). (There were only minor
influences of the phonological vowel length in the stressed
syllable on the detection scores, so this detail has been
omitted and the results have been pooled.)

Nevertheless, there were substantial influences on the
detection scores of all three acoustic measures of the position
of the focally accented word in the sentence, of the word
accent, and of the vowel height in the stressed syllable.
Apparently, these factors affected the acoustic measures
differently.

Furthermore, a comparison of the performance of f0 in the
subsets revealed massive differences without any
correspondence in the other acoustic measures (cf. the scores
in medial position in the sentence in Table 1 and the total
scores in Table 2). Thus, there were factors (probably related
to the composition of the sentences) that influenced f0 to a
great extent while overall intensity and spectral emphasis
remained unaffected.



Table 1. Percentages correct detections for spectral
emphasis, overall intensity and f0 in the position

subset. N=360.

Initial Medial Final Totals

Spectral
emphasis

89% 91% 68% 76%

Overall
intensity

94% 71% 54% 73%

f0 44% 36% 22% 34%

Table 2. Percentage correct detections for spectral
emphasis, overall intensity and f0 for accent I and II

words in medial position in the sentence with
relatively open and closed vowels in the stressed
syllables from the word intrinsic factors subset.

N=160.

Accent I Accent II
Open Closed Open Closed Totals

Spectral
emphasis

80% 70% 100% 97% 87%

Overall
intensity

72% 53% 100% 82% 77%

f0 95% 90% 70% 78% 83%

4. Discussion

It deserves to be stressed at this point that the focus of this
study has been on the acoustic information to be used for
accent detection, and especially the possible gain in including
a measure of the relative high frequency energy – spectral
emphasis – in an accent detector. The intention has by no
means been to present a fully-fledged system for accent
detection. The detector presented here must obviously be
regarded as fairly rudimentary compared to the elaborate
systems which, using a wealth of acoustic information, are
capable of detecting all kinds of prosodic categories [4, 5].

Nevertheless, this study indicates that even these more
ambitious systems for automatic classification of prosodic
categories could benefit from the inclusion of information
about spectral emphasis. This study has confirmed that
spectral emphasis is a more reliable cue than overall intensity
as far as detection of accents is concerned [cf. 6, 7, 8, 9].
Therefore, using spectral emphasis as an information source
in those systems rather than overall intensity ought to be an
advantage.

Furthermore, and somewhat surprisingly, it was found
that spectral emphasis outperformed f0 as a predictor of
accents in certain conditions. Although these results may
perhaps in part be explained by the assumptions underlying
the detector (i.e. that the highest value in the sentence should
be found in the accented word), they nevertheless indicate that
the introduction of spectral emphasis might introduce a real
gain for systems using several kinds of acoustic information.

Finally, there might be room for further improvement of
the detection, if corrections are included for the prosodic and
segmental factors that influenced the detection.

In addition to these findings, this study has presented a
new implementation of spectral emphasis, which yields a
continuous estimate of the relative energy in the higher
frequency band in the voiced segments. Compared to previous
implementations of spectral emphasis [e.g. 6, 7, 17, 18, 19], it
has the advantage of being insensitive to f0 movements in the
vicinity of the low-pass filter cut-off frequency. For the
purpose of accent detection it also has distinct advantages
compared to the related spectral tilt measures [e.g. 8, 10] by
being fully automatic and independent of correct formant
analysis. A drawback of this implementation for many
applications, however, is that it cannot be used with telephone
speech. The reason being that the band-pass filtering in the
telephone transmission will remove the acoustic information
(the intensity of f0) to which the intensity of the high
frequency part is normalized, for many speakers.

5. Conclusions

In conclusion, the results of this study indicate that it ought to
be advantageous to include information about spectral
emphasis in systems for automatic classification of prosodic
categories.
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