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Abstract
The ultimate goal of the reported work is to develop a focus detector for Swedish integrating
several sources of information. To that end we have examined the extent to which different
measures of overall intensity and high frequency emphasis can be used to detect focus in
read Swedish. It is shown that focused words can be detected with a rate approximating 70%
under favorable conditions. Furthermore, as the effectiveness of the measures varies be-
tween speakers and the position of the focused word in the phrase, we believe that it would
be advantageous to include both measures of intensity and of emphasis in a focus detector.

1. Introduction
Detection of semantic focus is important for humans as well as for automatic speech recog-
nition systems in order to achieve a full interpretation of spoken utterances. One possible
way to detect focus is through its prosodic manifestation in the acoustic signal, as focused
words are likely to be pronounced accented in many languages and accents have acoustic
correlates.

It is generally agreed that the primary correlates of accents are F0 movements.
Consequently, F0 information is crucial to many focus or prominence detectors (e.g. House
& Bruce, 1990; Sautermeister & Lyberg, 1996). However, accents also have other acoustic
correlates that might be used by humans as well as by machines. For example, work by
Sluijter & van Heuven (1996) has shown that accented words in Dutch and American
English in addition to the F0 movements tend to be produced with longer segmental
durations, higher overall intensity and a high frequency emphasis. Accordingly, it has been
confirmed by e.g. Campbell (1992, 1995) and Wightman & Ostendorf (1994) that segmental
duration, intensity and spectral information are reliable cues for the automatic detection of
prominence in English.

The primary goal of this study is to evaluate the extent to which overall intensity and high
frequency emphasis can be used to detect focus in read Swedish speech. A secondary goal is
to evaluate the performance of different measures of overall intensity and high frequency
emphasis as focus detectors. A future goal is to integrate information about known correlates
of accents and focus such as overall intensity, high frequency emphasis, duration and F0
movements in a focus detector for Swedish.

2. Method
The focus detector was based on the assumption that a focused word is the most prominent
word in the phrase, i.e. that there is only one focused word per phrase. It was also assumed
that these prominence relations would show up in the measures of overall intensity and high
frequency emphasis. Thus, the detector should pick up the word containing the highest value
in the phrase for a given measure and classify it as focused. A number of different measures
of overall intensity and high frequency emphasis were evaluated as predictors of focus. First,
four measures of overall intensity were derived from the speech signal. The measures, dif-
fering in the time over which intensity was integrated, included the maximum value in the
phrase as well as the RMS mean across the duration of each segment, syllable and word.
Second, the measures of overall intensity were compared with measures of high frequency
emphasis. High frequency emphasis (sometimes called spectral tilt or spectral balance) can



be measured in several ways (Campbell, 1995; Sluijter, 1995; Stevens & Hanson, 1995). We
used a method proposed by Traunmüller (1997) calculating the difference between the
overall intensity and the intensity in a signal low-pass filtered at 1.5 times the F0 mean for
each utterance. For a subset of the test material, three additional measures were calculated
where the low-pass filter frequencies were fixed at 0.5kHz, 1kHz and 2kHz instead of being
determined by the F0 mean in the utterance. As for the intensity measures, the maximum
value in the phrase as well as the RMS mean across the duration of each segment, each
syllable and each word were calculated for each of these four measures. Thus, in all, 16
different measures of high frequency emphasis were evaluated (4 different low-pass filter
frequencies x 4 different integration times).

The detector was tested on a database containing 1,105 three-word sentences (Heldner &
Strangert, 1998). Each sentence consisted of one phrase. These sentences were produced as
answers to questions designed to elicit narrow focus on each of the three words in turn. The
sentences were read by four female and four male Swedish speakers. The recordings were
made in a sound-treated room with a microphone mounted on a headset, so that a constant
distance from the mouth to the microphone was maintained.

To facilitate a comparison between the measures differing in integration time, information
about segment-, syllable-, word- and phrase-boundaries was required. Therefore, since no
automatic methods (such as automatic speech recognizers or boundary detectors) for pro-
curing this information were available, the speech files fed into the detector were accompa-
nied by an orthographic transcription where these boundaries were indicated. A prosodic
transcription where the focused words were indicated was used as a target to evaluate the
performance of the detector.

3. Results
The output of the detector produced one candidate from each acoustic measure for each sen-
tence (= phrase). These candidates were compared with the prosodic transcriptions and the
percentage of correct detections was calculated. Tables 1 and 2 show the percentage of
correct detections obtained using the different measures of overall intensity (Table 1) and
high frequency emphasis (Table 2).

Table 1. Percentage of correct detections for the maximum values in the phrase (Max) and the RMS
means across the duration of each segment (Mean/seg), syllable (Mean/syll) and word (Mean/word)
for overall intensity. N=1105.

Overall intensity
Max Mean/seg Mean/syll Mean/word

% correct 72% 70% 67% 67%

Tables 1 and 2 show that the best measures of overall intensity and high frequency emphasis
by themselves could be used to detect about two-thirds of the focused words in the three-
word sentences. Moreover, Tables 1 and 2 show that the measures differed in strength. In
general, the scores were higher for overall intensity than for high frequency emphasis and
comparing the different measures for high frequency emphasis, the one where the low-pass
filter was determined by the F0 mean produced the best results. Also, the means per syllable
and word (and to some extent also the means per segment) gave consistently lower scores
than the maximum values for intensity as well as for emphasis measures.

Table 2. Percentage of correct detections for the maximum values in the phrase (Max) and the RMS
means across the duration of each segment (Mean/seg), syllable (Mean/syll) and word (Mean/word)
for the high frequency emphasis measures where the low-pass filter was determined by the F0 mean
in each utterance (F0 mean), and for the fixed low-pass filters at 0.5kHz, 1kHz and 2kHz. N=1105.

High frequency emphasis



Max Mean/
seg

Mean/
syll

Mean/
word

Max Mean/
seg

Mean/
syll

Mean/
word

F0 mean 1kHz
% correct 67% 67% 63% 61% 58% 60% 56% 55%

0.5kHz 2kHz
% correct 55% 57% 53% 52% 40% 39% 36% 38%

As mentioned, the scores were higher for overall intensity than for high frequency emphasis
and moreover, the maximum values of intensity in the phrase gave the highest scores.
However, a closer examination revealed considerable speaker differences. The maximum
value of intensity was the best measure for five of the speakers, while the maximum value of
high frequency emphasis was the best for the other three. Furthermore, the percentage of cor-
rect detections for the different speakers ranged between 47% and 91% for the maximum
value of intensity and between 49% and 89% for the maximum value of high frequency em-
phasis. As a group, the percentage of correct detections was higher for the male speakers
than for the female speakers, but since this difference was mainly due to two of the speakers
(one male and one female), it seemed to be a matter of individual speaker rather gender.
Another observation was that the overall best measure, the maximum value of intensity, was
achieved in initial and medial position (86% correct detections in initial and 87% in medial
position) rather than in final position (44%) in the sentence. The corresponding figures for
maximum high frequency emphasis were 62%, 79% and 61% in initial, medial and final
position, respectively.

4. Discussion
This study shows that overall intensity and high frequency emphasis can be used to detect
focused words in Swedish to an extent comparable to that reported for English and Dutch
(e.g. Campbell, 1992; Campbell, 1995; Sluijter et al., 1996). About two thirds of the focused
words in the three-word sentences were correctly detected using the maximum values of
either overall intensity or high frequency emphasis in the phrase. Furthermore, it was shown
that the predictive power of the different measures of overall intensity and high frequency
emphasis varied considerably. The maximum values in the phrase gave more correct
detections than the integration of data over longer stretches of speech, i.e. the RMS means
across the duration of each segment, syllable and word. Moreover, low-pass filters adjusted
to the fundamental frequency of the speaker gave more correct detections than fixed low-
pass filter frequencies (0.5kHz, 1kHz and 2 kHz) in the high frequency emphasis measures.

However, the performance of the detector depended on the speaker and on the position of the
focused word in the phrase. While the maximum value of overall intensity in the phrase was
the best predictor of focus in general, the maximum value of high frequency emphasis was
the best predictor for some of the speakers. (There were no obvious differences in the per-
formance of the detector between male and female speakers.) Moreover, overall intensity
was less robust than high frequency emphasis in phrase-final position.
From these findings, we conclude that it is advantageous to include both measures of overall
intensity and of high frequency emphasis in a focus detector integrating several sources of
information. Moreover, maximum values are better than integration over longer stretches of
speech and the emphasis measure using a speaker adaptive low-pass filter is better than the
measures with fixed low-pass filters (Traunmüller, 1997). On the basis of these results, it
would be interesting to make comparisons with a measure using a dynamic low-pass filter
following the fundamental frequency even closer.

5. Conclusions
Overall intensity and high frequency emphasis are probably not as significant correlates of
focus as F0 movements and segmental lengthening phenomena. Nevertheless, this study



shows that the measures evaluated can be used to detect about two-thirds of the focused
words under favorable conditions and thus possibly enhance the performance of focus de-
tectors integrating several acoustic measures.
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