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Abstract

Inbreath noises are very common non-verbal vocalisations in
spoken communication. They can occur in a multitude of con-
texts and can serve as functional markers in various ways, with
indicating syntactic-prosodic breaks as its salient but not exclu-
sive function. In this paper we first describe some acoustic-
phonetic features of inbreath noises such as intensity and dura-
tion. Second we analyse read speech and spontaneous dialogues
from four corpora with data of twenty speakers of German. It is
found that the majority of pauses contain inbreath noises, which
are typically soft in intensity and extremely variable in duration.
The link between the duration of the entire pause and the breath
noise is stronger in read speech than in spontaneous dialogues.
It is suggested that ingressive frication can be rather informative
for various types of prosodic analysis.

Index Terms: speech respiration, speech pauses, inhalation
noises, prosodic breaks

1. Introduction

Breath noises as acoustic and audible reflections of inhalation
and exhalation are probably the most common non-verbal vo-
calisations in spoken communication. Breath noises can occur
in a multitude of contexts and they can serve as functional mark-
ers in various ways. In contrast to acoustic and audible cor-
relates of phonemes there are hardly any acoustic descriptions
of inhalation noises and other respiratory signals from a pho-
netic perspective. Thus, the aim of this paper is to suggest some
acoustic descriptors of inhalation noises to fill this particular re-
search gap, and to analyse samples of speech. This will be done
for two different speech modes: on the one hand for read and
highly controlled speech and on the other hand for dialogical
and spontaneous speech. We start with a review of different
functions of respiratory noises in spoken communication.

Inhalation or inbreath noises frequently occur in speech
pauses. Here, breath noises function as markers of prosodic-
syntactic boundaries, which has motivated the use of the term
breath-groups for intonation (or prosodic) phrases [1]. Pho-
netic studies have shown that duration and intensity of inhala-
tion noises can be indicators of utterance planning in speech
production and inform listeners about the length of the upcom-
ing phrase [2, 3]. A recent study also suggests that in read
speech duration and intensity of inhalation noises are due to
a ‘recovery’ from the effort of the prior utterance [4]. Interest-
ingly, when speakers are under physical stress they show dif-
ferent forms of breath noises in speech pauses, e.g. with many
exhalation noises [5].

A typical non-verbal vocalisation in spontaneous speech is
laughter of which various forms can be described with charac-
teristic noises of ex- and inhalation [6, 7]. A strong inhalation
noise can mark the offset of a long and complex laugh [8, 7].
Also in (other) affect bursts, breath noises can play a crucial
role, such as startle or in crying [9].
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On the level of pragmatics, breath noises can be used as
discourse markers, signalling an intent to take the turn, and in
some cultures respiratory noises are markers of politeness, e.g.
in Korean [10]. Breath noises also have a high potential of sig-
nalling individuality, either by idiosyncratic acoustics, e.g. by
inhalation noises with [s]], an ingressive alveolar fricative [11],
or by different patterns of inhalation and exhalation [12, 13].
The incomplete list above shows that breath noises are a rather
rich source of information on the linguistic but also on the non-
linguistic level.

Surprisingly, breath noises are often and maybe systemat-
ically ignored in speech analysis, speech synthesis and speech
recognition. This is reflected for instance by the fact that in
speech fluency research, pauses that contain breath noises are
regarded as ’silent’, although they are not silent from an acous-
tic point of view [14]. In some conversational corpora the an-
notation schemes do not have a category for breath noises [15].
Likewise, speech prosodists regularly ignore breath noises as
important acoustic cues of prosodic phrase boundaries.

Pauses in synthesised speech are often not modelled natu-
ralistically [16] and they virtually never contain breath noises.
However, breath noises are likely to be beneficial for speech
synthesis that is pleasant and memorisable [17], and they are
necessary for expressive speech synthesis. Breath noise in au-
tomatic speech recognition is still an under-researched topic,
although there are various approaches for explicit breath detec-
tion, e.g. [18].

While there are research groups working on the physiolog-
ical, particularly the kinematic, bases of respiration in speech,
e.g. [2, 3, 19], the link between kinematic and acoustic signals
of inhalation and exhalation in speech is not yet fully under-
stood. The disctintion between in- and exhalation in this paper
is based on the auditory assessment of acoustic data which were
recorded under laboratory conditions. Adverse acoustic condi-
tions might be challenging for this task.

2. Preliminary observations

For our preliminary observations, we explored several acoustic
parameters of inhalation noises. For read speech we selected
news items produced by professional news casters [20]. Here,
all breath noises investigated were inhalation noises that used a
combination of oral and nasal airstream. Nearly all pauses were
marked with these inbreath noises.

A typical acoustic feature of an inbreath noise is that it is
sandwiched between short intervals of silence. The edges to the
left and right of the breath noises have an average duration of
50 ms, whereas the breath noises themselves have a duration
between 200 and 500 ms (Fig. 1).

Inhalation noises in the read speech samples reveal a rela-
tively low intensity and the values for centre of gravity (COG)
are below 2 kHz. The formant values seem to have rather stable
values.

It might be of interest to compare inhalation noises with
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Figure 1: I-sec section of (read) speech containing a pause with
a typical inbreath noise between short edges of silence.
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Figure 2: 3-sec section of (read) speech with inbreath noise
(inh) in comparison with a voiced variant of the glottal frica-
tive /h/ and three aspiration phases of unvoiced stops (asp).

other ’breath’ sounds, i.e., unvoiced fricative segments with in-
halation or exhalation as their primary sound source. For Ger-
man, two types of segments can play a role here: aspiration
phases of the closure release of unvoiced stops, and unvoiced
variants of the glottal fricative /h/. Regarding realisations of
/h/, a preceding voiced context, for instance a vowel or a sono-
rant, usually leads to a voiced instantiation of /h/, which is more
similar to a glide. Unvoiced productions obviously require a
voiceless left context, for instance an unvoiced obstruent or a
silence. This has been shown to be a regular pattern in German
[21, 22], which probably functions similarly in other Germanic
languages.

Figure 2 depicts an example in which these three kinds of
respiratory noises occur in close vicinity. In contrast to in-
halation noises, aspiration phases of unvoiced stops are much
shorter and rarely exceed 60 ms. Their intensity is much higher
than those of breath noises. The COG values are above 2 kHz.
The formant values show more variable values than those for
breath noises. Cases of unvoiced variants of /h/ were rather in-
frequent and therefore not considered for this preliminary in-
vestigation.

The spontaneous speech comes from the Lindenstraf3e di-
alogue corpus [23]. It contains dyads of friends (same sex)
given the task of talking about video clips of an episode of a
soap opera. The interlocutors could not see each other and were
recorded by separate channels.

For these spontaneous dialogues the pattern regarding the
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Figure 3: 4-sec section of (spontaneous) speech containing a
laugh with an inbreath noise (inh) as an offset.

kHz
cRrNWRUON®

S —— 'r- —
inh_nasnh_oral exh
speech pause speech pause speec]
0 5
Time (s)

Figure 4: Change from nasal to oral inhalation followed by
speech and exhalation.

inhalation noises is by far more variable. Breath noises are only
observed in phases of vocal activity, for instance when hav-
ing the turn, giving a comment, or providing a feedback (e.g.
backchannel) utterance. This means that for a given speaker a
significant portion of the recorded dialogue is marked by the
absence of vocalisations, which should not be confused with
regular pauses in speech.

In contrast to the read speech of the professional news read-
ers, some of the breath noises in the dialogues include only
nasal inhalation. Occasionally the dialogues also show some
exhalations. In addition, some inbreath noises are apparently
produced with an [s]-like tongue position giving this fricative
an additional sound source.

A substantial difference to read speech is that laughter may
occur in spontaneous speech. Often, the laughter episodes are
marked by strong inhalation noises. Figure 3 shows an example
of a typical offset of a ’voiced’ or ’song-like’ laugh with a long
duration.

It is no surprise that inhalation noises often occur at turn-
initial position. However, a form with a higher intensity can
be assumed to function as a turn-claiming cue. The inhalation
noise may also consist of two parts, for instance starting with a
nasal inhalation noise immediately followed by an oral inhala-
tion noise, as in Figure 4.

Finally, it should be mentioned that some inhalation noises
are ’enriched’ with tongue clicks [14], a discourse-related
pause-internal particle that also occurs in languages that do not
have clicks as phonemes.



3. Study

The aim of this analysis is to verify the rather general prelimi-
nary observations described in the previous section in different
corpora and across different speakers. In addition, acoustic fea-
tures of the rather frequent aspiration noises will be compared
with inbreath noises.

3.1. Material and annotation

Four corpora of German speech were selected as the basis for
our analysis. The first two corpora contain read speech, the
other two contain spontaneous dialogues:

1. Read 1: the DIRNDL corpus [20] with recordings of pro-
fessional newscasters

2. Read 2: read narrations (13 sentences) from the IFCASL
corpus [24] recorded by native speakers of German

3. Spont 1: the GECO corpus [25] containing dyads of fe-
male students who do not know each other and who are
talking about topics of their choice

4. Spont 2: the Lindenstraf3e corpus [23]

From each corpus we randomly selected five samples of ex-
actly 60 seconds duration. Each sample contained speech of a
different speaker. To avoid longer stretches of vocal inactivity
or just short feedback utterances, we decided for the samples
of spontaneous dialogues to randomly take one-minute sections
with running speech where the speaker clearly has the turn.

Annotation was performed by hand using PRAAT [26]. Ina
first step correlates of perceived pauses were annotated whereby
there was no specific durational threshold for pauses, i.e. pauses
can also be shorter than, say, 100 ms, to mention a typical cut-
off point for pauses. Each correlate of a perceived pause can
have sub-parts, such as oral inhalation noise, nasal inhalation
noise, exhalation noise, or clicks. Empty sub-parts of pauses
were considered as silence.

For each oral inhalation noise, if present, its surrounding
silences were labelled as left edge and right edge, respectively.
Aspiration was annotated when an unvoiced stop consonant
shows an aspiration noise longer than 20 ms.

In Praat the relevant values for duration were extracted. For
intensity the difference of the following two values in dB was
calculated: the mean of the values of 2 secs before and 2 secs af-
ter the corresponding pause minus the value for the entire breath
noise. Similarly, the dB value of the aspiration noise was cal-
culated relative to the mean of the values of 2 secs before and
2 secs after the aspiration noise.

3.2. Results

Frequency of occurrence. Table 1 shows that the number of
pauses can differ between the different corpora. On an individ-
ual level, the number of pauses widely differs between speakers,
with extreme values of 10 and 32 pauses per minute, respec-
tively.

In general, there are many more pauses with breath noises
than without. Only three out of the 20 speakers show more
pauses without breath noises than pauses with breath noises.

The typical breath noise is an oral inhalation noise. Among
all 20 speakers there are only three who have more breath noises
other than oral inhalation. A more detailed view of the pause
types per speaker and genre is offered in Figure 5.

Left and right edges are sometimes omitted. There seems
to be a tendency for this to happen more frequently at the left
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Table 1: The four corpora with mean frequencies of occurrence
per minute (standard deviation in parentheses) for pauses in
general (pau), containing breath noise (br. n.), exclusively oral
inhalation (oral), left edge (1. e.), and right edge (r. e.).

Corpus Read 1 Read 2 Spont 1 Spont 2
pau 16.4(2.6) | 22.4(3.6) | 19.0(7.9) | 16.6 (6.9)
br. n. 13.6(3.8) | 16.8(24) | 9.0(3.4) | 10.8 (4.1)
oral 10.6 (4.9) | 10.6(4.6) | 6.6(2.2) | 6.2(2.3)
Le. 102(19) | 13.4(3.0) | 723.6) | 9.0(3.3)
L. €. 12.0 (4.2) | 13.2(3.5) 8.4 (3.8) | 10.0(3.8)

Pause types per speaker
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Figure 5: Individual distribution of pause types in percent:
without any breath noise (sil only), with inbreath noise, with
outbreath noise, or with both. Speakers 1-5 are from Read 1,
6-10 from Read 2, 11-15 from Spont 1, and 16-20 from Spont 2.

edge of an oral inhalation noise than at its right edge. For read
speech these values are higher than for spontaneous speech.

Duration. Figure 6 shows the durations of inbreath noises in
comparison with the durations of the corresponding pauses. Ta-
ble 2 shows that the professional speakers in Read 1 have sub-
stantially shorter breath noises than the non-professional speak-
ers in the other three corpora.

The duration values for the left and right edges strongly
vary between 23 and 96 ms with three corpora which show
longer values for the left edge.

The mean duration for aspiration noises varies as well with
again the professional speakers having the shortest values. The
numbers clearly reveal that aspiration noises are by far shorter
in duration than inbreath noises.

Intensity. The mean intensity difference between frication
noises and their surroundings is clearly larger for oral inhalation
noises than for aspiration noises. This can be seen for all four
corpora in Table 3. The ’loudest’ inhalation noises, in Spont 2,

Table 2: The four corpora with mean values of duration in ms
for inbreath noises (inbr. n.), left edge (l. e.), right edge (1. e.),
and aspiration noise (asp. n.).

Corpus Read 1 Read 2 Spont 1 Spont 2
inbr. n. | 291 (112) | 418 (89) | 408 (114) | 441 (229)
L e. 67 (70) | 75(79) 61 (17) 92 (63)
r. e. 42 (11) | 23(35) 96 (25) 63 (25)
asp. n. 44 (12) | 62(23) 67 (31) 81 (32)
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Figure 6: Duration in ms for entire pauses (x-axis) and inbreath
noises (y-axis) for the speech data from top to bottom: Read 1,
Read 2, Spont 1, Spont 2.

Table 3: The four corpora with mean values of intensity differ-
ences in dB for inbreath noises (inbr. n.) and aspiration noise

(asp. n.).

Corpus | Read1 | Read2 | Spont1 | Spont2
inbr.n. | 29(5) | 28(2) 28 (4) 16 (8)
asp. n. 13 (6) 9 (4) 10 (5) 7 (4)

are still softer than the ’softest’ aspiration noises (in Read 1).

For the vast majority of data points there is a clear segre-
gation between both categories with inbreath noises showing a
lower intensity compared to aspiration noises. Only 5 out of 20
speakers showed single values that were located in the range of
the respective other category.

3.3. Discussion

The investigated sample of 20 speakers clearly shows that the
majority of all pauses that are often called ’silent’ pauses are
marked by breath noises. Thus, there is a minority of phoneti-
cally silent pauses. Read speech shows the fewest phonetically
silent pauses. Among the observed breath noises the oral in-
halation type markedly dominates, though a clear acoustic and
auditory separation between purely oral and combinations of
oral and nasal inhalation seems to be challenging.

The inbreath noises show a high degree of flexibility in their
temporal extension, mostly within the range between 200 and
600 ms. There seems to be a weak correlation between breath
noise duration and the duration of the entire pause. In sponta-
neous speech the duration values for breath noises, for phonet-
ically silent pauses, and for pauses in general are longer com-
pared to read speech.

Inbreath noises typically show a much lower intensity than
the surrounding articulated speech. This is also valid for aspira-
tion noises of stop consonants which also differ in duration.

4. Summary and conclusion

Although this study covers only a limited data set and thus has
an exploratory character, it suggests that inhalation noises dif-
fer acoustically from other segments in spoken communication.
Appropriate acoustic parameters that establish this difference
are intensity and duration. They also include COG and for-
mants of which often the first four are visible in the spectro-
gram. A special feature of inbreath noises in pauses is that in-
breath noises are accompanied by edges of short silent sections
that separate the frication section from the prior and the upcom-
ing speech sequences.

There are manifold functions in which inhalation noises are
involved. A typical inbreath noise that occurs in a pause that
marks a syntactic-prosodic break usually has a rather different
acoustic form from an inbreath noise that marks the offset of
a longer laugh. It is of general interest in phonetics to learn
more about how a given phonetic form reflects certain functions,
and vice versa. However, for the time being it is unclear how
complex or simple the relationship between the acoustic shapes
of inhalation noises and their (presumed) functions really are.

Thus, the next step is to perform a detailed and systematic
study of the proposed acoustic parameters of inhalation noises.
This should entail various speech styles, as the above sketched
differences between read and spontaneous speech samples have
shown. Ideally, such a study would also compare speech data
across languages.
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