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Abstract. Speech signals may provide important information for measuring and modelling
human behaviour, especially for assessing mental health as well as estimating the emotional state
of a person. Speaker’s physiological and/or physical state may be thus identified by detecting
the cognitive decline (CD) or stress levels using signal analysis of voice. This preliminary study
presents a survey on methods introduced for CD and stress voice detection in humans. It is shown
that increase in signal’s fundamental frequency (fy) as well as its frequency formants, are the
most common effects of CD and stress. Additional voice parameters could be used to identify
normal from CD and normal from stressed voice as well as the cognitive state of the elderly. The
present study poses the initiation of a project for the development of a mobile application for the
automated voice detection and analysis on the fly, which will aid in the detection of early signs
of CD and stress. Further investigation with application on a large number of voice samples is
required for validating the methods.

Keywords: Cognitive decline and stress voice analysis; Fundamental frequency; Voice analysis;
Formant frequencies index.

1. Introduction
The transitory step between physiological aging and dementia is known as mild cognitive impairment
(MCI). An early diagnosis of the decline of cognitive function is crucial to allow patients to get
anticipatory access to pharmacological and cognitive stimulation therapies, which has been shown to
increase the duration of independent living 0. Psychological stress is specified as a psychological state
that is a reaction to a perceived thread or task demand and is accompanied by specific emotions such as
(fear, anger, disgust, sadness, etc.) 0. The importance of detecting physiological stress, lies in its long-
term occurrence, which may have serious health consequences Ommoka! McrouyHuK cChUIKH He
Ha¥eH., as well as mental degradation 0. The characteristics of the voice in stress and cognitive decline
(CD) are well associated 0-0. The importance of human voice in CD and stress assessment has been
shown by many studies 0, 0 as well as that voice is affected by speaker’s emotions which influences the
vocal tract 0, 0. Characteristics of the voice signal such as glottal spectral slope, its fundamental
frequency (fo, the lowest frequency of the voice signal or pitch) may offer information of the voice stress
levels 0, which is affected by a speaker’s emotions. A detailed definition and discussion on human voice
CD and/or stress is given in 0. It was also documented in other studies 0-0 that the f; and the signal jitter,
increases with stress, due to a stress-associated tensing of the musculature, specifically the cricothyroid
muscle. Additionally, subglottal pressure, jitter, shimmer, maximum airflow declination rate, voice
onset, vocal intensity and speaking rate could contribute to CD or stress increase levels. The fy, of the
voice is reported to increase by 3-6 Hz per unit measure (cmH>0) in subglottal pressure 0.

In the present work, we performed a brief survey on various methods presented in the literature for
stress voice detection and/or CD and identify quantitative parameters from normal and stressed voice
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signals, as well as from normal and CD voice which may be used to detect CD and/or stress in voice.
Based on this initial work, we aimed at developing a mobile application, able to automatically compute
acoustic features on-the-fly during phone conversations. Based on the extracted acoustic features and
on a learning-based classifier, the mobile app will discriminate between people with a normal and a
mildly impaired cognitive function and/or physiological stress, becoming a tool for the daily cognitive
monitoring of elderly people in a transparent and non-intrusive manner. Our first aim was to identify
potential literature on the subject of study which is in this paper here below presented.
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Figure 1. Normal voice signal for the word ‘Help’, (left column)), CD or Stress voice signal for the
word ‘Help’ (right column). Extraction of the first five frequency formants (fi-fs) for the normal and the
stressed words (second row, left and right). The fundamental (fy) frequency (third row) for the normal
and the stressed voice in the left and right columns respectively, for the word ‘HELP’. The voice signals
duration of the signals has a duration of 0.6 secs and a voice amplitude ranging from —1 to 1 dB. The fy
pitch extraction for the normal and the stressed voice signals (last row left and right) was done using the
Summation of Residual Harmonics (SRH) technique Omu6ka! McTo9HHUK CCHIIIKHM He Hali/IeH. .

2. Main features sets extracted

The first row of figure 1 illustrates the original normal and stressed (or CD) voice signals for the word
‘Help’ (left and right), while the second row of figure 1, presents their first five frequency formants. A
larger variability for all formant frequencies is observed for the stressed signal in figure 1, with stronger
peaks and fluctuations, when compared with those of the normal voice signal. The third row of figure 1
presents the fy of the normal (left) and stressed (right) voice signals respectively. A larger variability
may be observed for the stressed voice signal.
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The 1y (see third row of figure 1), and its first five formant frequencies (fi-f5) 0 (see second row of figure
1), are usually estimated from the voiced areas of the signal (0.2 to 0.6 secs in figure 1 and figure 2), in
order to estimate possible stress voice levels 0-0. Additional voice signal features that could be extracted
for estimating stress voice levels include, the signal pitch 0, 0, 0, 0, 0 (see also third row of figure 1),
the signal shimmer 0, jitter 0, and the frequency formants (usually the first five, fi-fs, as shown in the
second row of figure 1) 0, 0. Furthermore, the glottal closure instants (closings and openings of the
glottal signal) 0, could provide additional information on the voice stress levels as well as voice
parameters as proposed in 0.

3. Voice stress and CD analysis studies

Table 1 illustrates voice stress and CD analysis and detection techniques proposed in the literature,
tabulated under chronological order. The method, problem investigated, medical condition assessed, and
signal characteristics investigated are also given. Furthermore, we provide details on the number and
type of subjects each method was applied. Finally, in the last column of Table 1, we provide few
important results derived from each study.

The voice corpus used in this study is the simulated dataset of SUSAS 0. It consists of 9 male
speakers, uttering isolated words in a quiet environment. In this work only normal versus stress types
were used 0.

A number of voice analysis studies (also presented in Table 1), have been proposed in the literature,
for detecting voice under stress or CD in voice. These includes, measuring, the overall intensity, Teager
energy operator, Mel-Frequency Cepstral Coefficients, and the extractions of the functionals of f, 0.
More recently, stress was detected using spectral slope measurements 0, based on the probability density
function of the glottal source. Other studies focus on depression detection based on facial landmark
features detection 0, using voice acoustic features 0, or using facial cues from videos 0. In 0, the Stroop
test for stress voice detection was utilized, whereas linear predictive coding was used in 0. However,
with the exception of 0, no other study has been reported where stress was investigated in the elderly.
Stress may be observed in voice signals, having larger amplitude and more asymmetrical glottal pulse
as compared to neutral condition. These changes have an impact in the intensity of the spectrum as stress
is concatenated in higher frequencies 0. Additionally, the distribution and/or spectral tilt of the
spectrum’s energy has to also be considered 0. Important characteristics may be extracted from the voice
signal (intensity, pitch and harmonics), detected by a sensor, which may signalize stress levels. Stress
identification in voice may be used for monitoring elderly subjects in their environment, which might
be presenting a progressive decline in mental abilities and provide feedback to caregivers 0. This maybe
estimated as a subtle linguistic impairment by using voice analysis. These impairments may be detected
using the fo and the fi-f5 of the voice signal (see also figure 1), as it was also shown in other studies 0,
0, 0, 0, 0-0.

There is only one study 0, found in the current literature, where CD was investigated in 39 elderly
subjects (see also table 1). However, the analysis in 0, was done through a neurophysiological screening
for visuospatial abilities (memory, language, executive functions, and attention). A large set of linguistic
features was extracted for following up the development of CD using classification analysis. It was
found in 0, that these features are very important parameters in the analysis of cognitive alterations. It
was furthermore shown, that some linguistic features may be used to discriminate between healthy and
impaired elderly subjects (spectral centroid mean, statistics of voice signal, openings and closing voice
intervals and fo-fs).

Although a number of techniques and evaluation variables have been proposed in the literature for
stress detection (see also table 1), it should be noted that the vocal response to stress may be as unique
as the voice itself. Findings from the literature review are heterogeneous, but in almost all studies
investigated, it was indicated that a consistent universal trend of an increase in fy is demonstrated with
the voice stress (see also figure 1 and table 1). An explanation of this increase maybe stress-associated
tensing of the musculature (cricothyroid muscle) 0. Other possible explanations of this increase may
include increase in heart rate, blood pressure and bronchodilation 0. In addition, reduced noise as
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reflected in signal jitter 0, and shimmer 0, and an associated increase in vocal jitter is documented, but
less frequently.

A limitation in evaluating stress and proposing objective parameters contributing to vocal quality, is
the difficulty in reproducing natural stress in the laboratory. Additionally, different environmental
parameters, noise, gender, sex, and the response to stress, which varies greatly by individual may
contribute to actual stress reproducibility 0-0. Therefore, still the need exists for finding new and more
reliable indicators or variables of voice stress. Perhaps complex constructs such as personality, birth and
others may also be taken into consideration 0, 0. Further investigation with a large number of samples
is required for validating the methods and for estimating reliable indicators of stress and voice evaluation
metrics.

4. Conclusions

In this paper we presented a survey on methods introduced so far in the current literature for stress voice
detection in humans. However, within this literature research we aimed at developing a monitoring for
detecting CD and/or stress levels from voice signals. To reach this aim, we plan to use free speech during
phone calls, without the need to record any voice samples. The current work will pose the basis for the
development of a mobile application, which could be use daily favouring a longitudinal assessment of
the cognitive function of elderly people and therefore supporting the detection of early signs of
functional cognitive decline. From the present research it was shown that increase of fy as well as
alterations on its frequency formants (fi-f5), are the most common effects of CD and/or stress. Additional
voice parameters could be used to identify normal from CD and/or stressed voice as well as the cognitive
state of the elderly. Further investigation with a larger number of samples is required for validating the
methods, a task that is currently investigated from our group.
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