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Abstract

Students of Biomedical Engineering of the Czech Technical University in Prague
meet with the laboratory task "Voice Analysis" in the subject Biological Signals.
They have the opportunity here to practically learn basics about fundamental glottal
tone, formant frequencies, their parameters and detection, frequently used in voice
pathology analysis.
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Introduction

The archival databases of anonymous speech and voice recordings are used in laboratory tasks,
but students have the opportunity for analysis of own voice also.
Because the value of the frequency fluctuations of glottal tone (absolute jitter) reaches of the
pathological values already in one-tenth of milliseconds, voice recording acquisition and analysis
require a higher sampling frequency. The value of amplitude fluctuations (shimmer) is very sensitive
to background noise also (for example fan noise presents in laboratory room when twenty students
working on twenty sites). The level of background noise in standard computer laboratory does not
allow measuring of those characteristics. Direct connection of a microphone or headset to the
computer therefore does not allow acquisition of high-quality recording. But using the portable digital
recording device, the quality recording is easily obtained in any office room, where there is no
presence of more number of people and running computers (the required level of noise for these
measurements is 45 dB). Digital Tape Recorder Edirol R09HR was chosen with regard to portability
with high-quality uncompressed recording capabilities. Head microphone allows clear definition of the
distance away from mouth. Frequency response of a condenser microphone Bayerdynamic Opus 55
MkII is linear in the low frequencies below 100 Hz therefore the microphone is fundamentally differed
from conventional headsets. The digital audiometer Voltcraft SL-400 is used for a simple dynamic
measurement of voice level. Audiometer measures the sound level from 30 dB to 130 dB with an
accuracy of + / - 1,4 % and has a USB connection.
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Methods

2.1 Voice analysis in time domain
The changes of vocal cords vibration are perceived as changes of pitch period or fundamental
frequency in voice. The fundamental frequency is influenced by properties of the vocal cords (their
elasticity, weight and length). Thus the fundamental frequency and consequently derived instability
measurements provide information about the condition and functionality of the vocal cords. Abnormal
characteristics of the fundamental frequency are found in a number of voice and speech disorders [1].
Pitch period is read from waveform in time domain in MATLAB (Fig.1). It is simple and easy
detection of pitch period using available threshold. Subseqently, the mean of the fundamental
frequency and pitch period is computed. Measurements are performed for all Czech long sustained
vowels (at least five seconds).
Minimum and maximum length of pitch period T0 and the fundamental frequency f0 (frequency
range) is determined from the scale of song vowel /a/.

Frequency and amplitude instability (jitter and shimmer, see Fig.1 and Fig.2) are derived from
the instantaneous values of pitch periods T0 [2].
Equation (1) gives the average absolute difference Jita between consecutive periods
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The value 83 μs of Jita is used as a threshold for pathology.
The average absolute difference J% between consecutive periods, and divided by the average
period is given by equation (2).
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The value 1.040% of J% is a threshold for pathology.
The relative average perturbation RAP, the average absolute difference between a period and the
average of two neighbours, divided by the average period.
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A threshold for pathology is RAP = 0.680%.

Figure 1: The red waveform in the top of the figure shows part of the sustained vowel and blue
lines represent the glottal closures. The waveforms bellow represents frequency and amplitude
instabilities at moments of glottal closures (jitter (left), shimmer (right)).

2.2 Voice representation in frequency domain
The view in the frequency domain is very important in speech analysis because pathological
voices show a significant increase of energy in higher frequencies. Students will learn in this task with
differences between broadband and narrowband spectrograms with regard to the fundamental
frequency [3]. They will work with different parameters of the FFT and LPC spectral analysis.

2.3 Fundamentals frequency and formant detection alghoritms
Fundamental tone is analyzed using simple robust algorithms based on autocorrelation function
and formant frequencies are obtained using AR modeling in MATLAB [4], see Fig.2.
Students also display and evaluate phonetogram (the dynamic range of the voice in terms of
fundamental frequency and intensity).

(3)

Figure 2: The left column displays the Czech vowels; in the right column there is the singing
vowel /a/ (in a musical scale). The waveforms in time domain are in upper figures; the results of the
fundamental frequency detection using algorithm based on autocorrelation function are in the middle
figure and the results of formant detection using LPC are in the bottom.

2.4 Voice parameters in vowel synthesis
The signals used in the previous tasks are studied in terms of production and perception of
vowels using Klatt cascade formant synthesizer. [5].

Figure 3: Left: formant tracks for Czech vowel synthesis; right: formant tracks for /a/ in musical
scale
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Conclusion

The measured dynamic and frequency values of voice and the amplitude and frequency
instability (jitter and shimmer) are comparable with the results acquired using the professional and
therefore much more expensive equipments. Cost of used hardware is approximately 12 thousand
CZK.
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