Analysing breathy voice in forensic speaker comparison
Using acoustics to confirm perception
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ABSTRACT

This study explores the interplay between perception
and acoustics, focussing on breathy voice. Using
perceptual analysis, four forensic speech analysts
rated 22 spontaneous speech samples with regard to
whether they were breathy or non-breathy. The
voices rated to be the most extreme on the breathy/
non-breathy continuum were then analysed
acoustically. Spectral slope and additive noise
characteristics were obtained from vowels and
sonorant consonants using VoiceSauce. Significant
correlations were found between the perception of
breathiness and three acoustic measures, namely the
intensity difference between the lowest two
harmonics, the intensity difference between the
lowest harmonic and the harmonic closest to the first
formant, and cepstral peak prominence. Our results
confirm that the findings from previous studies in
relation to non-spontaneous speech are also
applicable to spontaneous speech samples. Further,
there appears to be no detriment when broadening
the sample to include sonorant consonants as well as
vowels.

Keywords: voice quality, breathy voice, forensic
speaker comparison

1. INTRODUCTION

Voice quality (VQ) can be a highly individual
marker of a speaker’s voice, due both to its
anatomical and habitual origin [26]. It is widely
considered an important variable for forensic speech
science [16], a field that seeks to identify features
with power to discriminate between individuals.

Owing to its multidimensional nature [4], VQ is
generally analysed perceptually. However, there are
ongoing efforts to utilise acoustic analysis in order
to confirm perceptual VQ judgements.

Perceptual judgements are inherently subjective,
as standards and thresholds may vary from rater to
rater [25]. Also, individual raters’ standards often
lack stability. For example, the range of voices
presented in one rating session can cause a drift in
VQ judgement when re-rating the same voice [14].
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Nonetheless, the perceptual approach does have
advantages over acoustic approaches. Perceptual
analysis enables a holistic assessment of a speaker’s
overall VQ, including aspects of respiration,
phonation and articulation [4]. In contrast, acoustic
measurements can only provide information on very
specific VQ aspects, e.g. the open glottal quotient.
Furthermore, the human ear is capable of capturing
fine-grained VQ differences even under less than
optimal conditions [23]. Typically, the recordings
which forensic speech experts face are of poor
technical quality and contain only partially
analysable speech. This may limit or even prevent
accurate acoustic measurements. A reduction in low-
frequency energy, for example, which is common
for telephone-transmitted speech, often affects the
frequency of the first formant [6]. Therefore further
research is needed into how stable various acoustic
parameters are within speakers, and across different
transmission channels and speaking styles.

Given that both perceptual and acoustic
approaches have strengths and weaknesses - it is
preferable to combine the strengths of both
approaches to assess the multidimensionality of VQ.
This would position VQ assessments in line with
other variables commonly assessed in forensic
casework using a combined auditory-acoustic
approach (e.g. vowels and consonants).

This study focuses on breathy voice, to assess the
extent to which it is possible to combine auditory-
perceptual and acoustic approaches.

2. ACOUSTICS OF BREATHY VOICE
2.1. Spectral slope parameters

Breathiness arises from incomplete or non-
simultaneous glottal closure resulting in a higher
open quotient. This, in turn, yields a strong first
harmonic amplitude (H1) [22] and a steep spectral
slope [18].

Previous studies analysed spectral slope using
harmonic-based and formant-based measurements.
Harmonic-based measurements obtain amplitude
differences between (1) the first and the second
harmonic (H1-H2), (2) the second and fourth

harmonic (H2—H4), or (3) the fourth harmonic and



the harmonic closest to 2 kHz (H4—H2K). Formant-
based measurements calculate the difference in
amplitude between H1 and the harmonics closest to

the first three formants (A1, A2, A3;i.e. HI—An).
2.2. Additive noise parameters

In breathy voice high frequency aspiration noise is
generated via a persistent glottal gap, causing a
decrease in additive noise measurements [18].
Respiration noise is commonly measured by
obtaining harmonic-to-noise ratio (HNR) and
cepstral peak prominence (CPP). HNR displays the
amplitude difference between harmonic and noise
energy [8] and decreases in breathy voice [e.g. 12].
HNR can be measured for various frequency bands,
typically 0—500/1500/2500 Hz (labelled HNRO5/15/
25).

CPP is a measure of cepstral peak amplitude
relative to the overall amplitude. As a measure of
periodicity it is helpful in detecting less periodic
signals, e.g. mid and high frequency ranges in
breathy voice due to aspiration noise [18]. Lower
CPP values correlate with breathy phonation due to
the low-intensity higher harmonics [e.g. 34].

3. CORPUS DATA
3.1. Previous studies

Studies of the modal/breathy distinction have
investigated either contrastive phonation types of
various languages [10, 13, 20] or pathological voices
[e.g. 1]. Non-pathological voices and non-
contrastive uses have been neglected. Furthermore,
most studies have based their analysis on sustained
vowels [e.g. 1, 18], vowels from isolated words [e.g.
10, 13, 34], read speech [e.g. 41], or synthetically
manipulated stimuli [e.g. 11, 22]. Studies of
spontaneous speech are rare [31]. However, [36]
reports  significant differences in perceptual
judgements due to shorter vowel duration and
assimilation processes found in spontaneous speech.

3.2. Current study

A selection of non-pathological breathy voice
samples was compiled wusing six corpora of
spontaneous conversation from male speakers of
British English [15, 17, 21, 28, 29, 35]. The samples
were all provided at 44.1 kHz frequency and 16-bit
resolution sampling. The first author chose 22 voices
based on auditory-perceptual analysis, aiming to
reflect a natural mixture along the breathy/non-
breathy continuum. Approximately three minutes of
speech was extracted from each sample. Using
Audacity (version 2.1.2) [2] the maximum intensity
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level was equalised across samples (max. amplitude
-1.0 dB, remove DC offset, center on 0.0 vertically).

4. METHODOLOGY
4.1. Auditory-perceptual investigation

A survey was conducted to generate perceptual
ratings for breathiness. Four listeners were engaged,
all experts in forensic speech analysis, involved in
training and research on VQ. All regularly use the
same analysis scheme — a modified Vocal Profile
Analysis (VPA) [27] — to rate VQ in forensic
casework.

Using the survey tool Qualtrics, the participants
were provided with the 22 voices in random order.
For each sample they were asked: ‘Would you mark
breathiness as a dominant feature of this speaker’s
voice?’ Three answer choices were given together
with a comment box: ‘(1) Yes, (2) No, it is present
but not dominant, (3) No, it is absent’. The survey
took 30-40 minutes. The listeners were allowed to
listen to the samples as often as they liked and could
leave and resume the survey at any point. They used
closed-cup headphones in a quiet environment.

The voices which were rated by all four listeners
to be the most extreme on both ends of the breathy/
non-breathy continuum were chosen for acoustic
analysis. 8 voices qualified: 5 were rated as
dominantly breathy and 3 as non-breathy. The
between-rater consistency for these 8 voices was
established. Cohen’s Kappa (k) was calculated for
each rater pair using RStudio (Version 1.1.463) [30].
Table 1 shows that all pairs of raters reached at least
‘moderate’ agreement. Two pairs (1-2, 2-4) reached
‘substantial’ agreement, and one pair (1-3) obtained
‘almost perfect’” agreement (k=0.86).

Rater-

pair Kappa z p-value  Agreement
1-2 0.65 2.83  0.005 substantial

1-3 0.86 2.66  0.008 almost perfect
1-4 0.50 2.19  0.029 moderate

2-3 0.56 2.83  0.005 moderate

2-4 0.75 2.19  0.029 substantial
3-4 0.43 2.19  0.029 moderate

Table 1: Between-rater agreement in the
perception survey (Cohen's Kappa for rater-pairs;
weights: equal; subjects: 8; raters: 2)

4.2. Acoustic investigation

Acoustic analysis was carried out on the selected voices.
Generally, acoustic analysis of phonation is based on
vocalic segments only [13, 18], as vowels by nature
contain source-specific information. However, forensic
recordings might be of very short duration and therefore



can be restricted in terms of analysable speech available.
Therefore, the data used in the present study included all
sonorants (vowels, glides [j, w], liquids [L, r] and nasals
[m, n, np]), as they all contain glottal source
characteristics. Sonorants were manually segmented using
oscillographic, spectrographic and perceptual-
impressionistic information and labelled on a segment-by-
segment basis using Praat textgrids [5]. When comparing
breathy voices with non-breathy voices, initial visual
examination suggests that sonorant consonants and
vowels behave similarly in terms of central tendency.
Accordingly, in the following acoustic investigation
vowels and sonorant consonants were combined.

4.2.1. Measurement procedure

VoiceSauce (version 1.31) [32] was used to take
measurements from labelled segments. Default settings
were applied: 0.96 pre-emphasis, 25 ms window length,
measurements at 1 ms frame shift. The lower FO range
was adjusted to 40 Hz to capture potential intermittent
low frequency creak components. The maximum
measureable FO limit was set to 300 Hz. To prevent
formants from boosting nearby harmonic amplitudes, the
formant-corrected harmonic amplitude measurements [19]
implemented in VoiceSauce were obtained and marked by

an asterisk (e.g. HI*—H2*). All measurements were

averaged across each labelled sonorant. Thus there were
680-1149 averaged measurements per speaker.

4.2.2. Hypotheses

Table 2 summarises the acoustic measurements
taken. We predicted the voices rated as dominantly
breathy to show steeper spectral slope and lower
additive noise. Furthermore, we predicted H1*—H2*
to be most useful, as it is a rough indicator of open
quotient [33].

Measure Parameter Predicted Prev.
Effect Studies
Spectral H1*—H2* 22
slope H2*—H4* non-breathy 11,24
Ha*—poK* = breathy 24
H1*—An* 13, 34
Additive CPP non-breathy 18
noise HNR > breathy 12

Table 2: Predicted effects for spectral slope and
additive noise measurements in breathy voice.

4.2.3. Data analysis

We generated boxplots for each acoustic
parameter using RStudio (Version 1.1.473) [30], and
we used the lme4 package [3] to perform linear
mixed effects analyses on the relationship between
perceptual ratings and acoustic parameters taken
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from all sonorants. VQ classification (breathy/non-
breathy) was entered into each model as a fixed
factor. Speaker-specific variation was accounted for
by including by-speaker random slopes. The alpha
level was set at p<0.05.

5. RESULTS
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Figure 1: Boxplots for acoustic parameters
revealing the clearest differences comparing
breathy with non-breathy voices (HI*—H2%*,

H1*~Al*, CPP).

Figure 1 illustrates the results from the acoustic
analysis of all sonorants. Overall, clear differences
can be seen between the speakers rated to be
dominantly breathy (in grey) and those rated to be
non-breathy (in white). Indeed, the distributions for
each speaker reveal very little overlap between
breathy and non-breathy VQ for HI1*—H2%*,
H1*—AT1* and, in particular, CPP.

Table 3 shows the results from the linear mixed
effects modelling for all sonorants for each acoustic
parameter. Confirming the impressions gained from
Figure 1, significant differences were found in



HI1*-H2* (p<0.05), H1*—Al1* (p<0.05) and CPP
(p<0.01). Results close to significance were obtained
for HNROS (p=0.097) and HNR15 (p=0.077). The
other measures did not show significant differences
between breathy and non-breathy ratings based on
all sonorants.

Model Estimate SE  t df Pr(>{t])
H1*—H2*

(Intercept) 9.20 1.47 727 4.00 0.003
non-breathy -8.51 2.84 -3.00 3.50 0.047*
H2*—H4*

(Intercept) 8.44 1.27 7.73 4.00 0.003
non-breathy -0.01 1.72 -0.01 594 0.994
H4*—H2K*

(Intercept) 5.27 097 542 398 0.007
non-breathy -1.17 2.10 -0.55 3.11 0.719
H1*—Al*

(Intercept)  28.78 1.70 17.92 4.00 0.000
non-breathy -11.15 321 -3.47 335 0.034*
H1*—A2*

(Intercept) 31.70 1.40 22.73 4.00 0.000
non-breathy -12.04 475 -253 239 0.107
H1*—A3*

(Intercept)  25.19 1.34 18.82 4.01 0.000
non-breathy  -9.73 513 -1.89 230 0.182
HNROS5

(Intercept)  8.03 247 325 4.00 0.031
non-breathy 9.73 444 219 3.81 0.097
HNR15

(Intercept) 17.73 1.94 9.13  4.00 0.001
non-breathy  7.57 293 224 488 0.077
HNR25

(Intercept)  21.94 1.70 12.93 4.00 0.000
non-breathy 5.28 301 175 3.88 0.157
CPP

(Intercept) 17.78 0.41 43.27 4.00 0.000
non-breathy 4.19 0.79 531 3.52 0.009*%*

Table 3: Estimate, standard error estimates (SE), t
statistics, Satterthwaite approximated degrees of
freedom (df) and predicting VQ classification
(Pr(>t])) for each model (acoustic parameter). All
models included by-speaker random slopes.

6. DISCUSSION

The present study confirms the capability of two low
frequency spectral slope parameters (H1*—H2*,
H1*—A1%*) and one additive noise parameter (CPP)
to distinguish auditory-impressionistic judgements
of dominantly breathy voices from non-breathy
voices. These results are in line with previous
studies [1, 10, 13, 18, 20, 34], but, extended the
findings from elicited speech to spontaneous speech
samples. Mid-to-high frequency spectral slope
parameters have previously been found to support
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the perception of breathiness (H2*—H4* [11, 24],
H4*—H2K* [24], H1*—A2* [13] and H1*-A3*
[34]). This was not the case here.

Given the more complex nature of spontaneous
speech and the weaker intensity of sonorant
consonants the results of the present study are
promising.

7. CONCLUSION AND FUTURE WORK

Our results indicate that the perception of breathy
VQ in spontaneous speech is captured mainly in a
steep spectral slope of low frequency ranges
(H1*—=H2*, H1*—A1*) and in a low cepstral peak
prominence (CPP). This outcome lays open the
potential to formally adopt the combined auditory-
acoustic approach for the assessment of VQ when
breathiness is involved.

The auditory-perceptual approach is still the
‘gold standard’ in VQ analysis [31], which we do
not want to challenge. However, our results
demonstrate that there is potential for perceptual
analysis to be corroborated by acoustic
measurements. This would most likely have a
positive effect on within-rater and between-rater
consistency.  Including  sonorant consonants
increases the practicability of this analysis in the
forensic setting as speech samples are often short.

It remains to be examined how the measurements
investigated here perform in recordings of poorer
quality. Work in progress will test the effect of a

mobile-landline  telephone filter on acoustic
measurements to assess the robustness under
forensically realistic conditions.
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