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ABSTRACT 

 

Voice source modulation is of fundamental im-

portance in speech communication. Many parame-

ters have been proposed to capture the characteris-

tics of the voice, but it is not always clear how the 

different kinds of parameters relate to each other. 

Two widely used approaches to voice parameterisa-

tion involve either time or frequency domain 

measures. In this paper they are compared in the 

analysis of a small data set – an utterance produced 

with different affects. The results for the time and 

frequency parameterisation are correlated, and both 

are compared in turn to an alternative parameter, 

MDQ, which is based on the wavelet transform. The 

correlation of time and frequency measures was rea-

sonably high for parameters that relate to the lower 

end of the source spectrum, but correlations for the 

parameters relating to the upper end of the spectrum 

ran contrary to expectations. MDQ measures corre-

lated strongly with time domain measures, and rea-

sonably strongly with frequency domain measures of 

the low end of the source spectrum.   

 

Keywords: glottal parameters, voice source, time 

domain, frequency domain, MDQ, voice quality 

1. INTRODUCTION 

Voice quality carries multiple strands of information 

to the listener, some pertaining to the characteristics 

of the individual’s voice, while others carry im-

portant aspects of the message’s meaning [19]. The 

voice is the carrier of prosody, and it has been 

argued [21-23] that the modulation of different 

dimensions the voice (and not only f0) is an essential 

part of linguistic prosody (e.g., prominence [28, 29, 

20], accentuation [24], declination [25]) as well as 

crucial to paralinguistic prosody [11, 30].  

Despite its fundamental importance, this area of 

speech communication is not well understood, and 

this is to a large part due to the methodological diffi-

culties in voice analysis (for a discussion of some of 

these, see [7, 13, 14, 18]). One pressing concern is to 

find parameters that capture the important charac-

teristics of the voice – needed not only for speech 

analysis, but also for speech generation, where one 

aspires to synthetic voices that can resemble more 

the nuanced prosody of human speech [8]. 

In the main, two rather different approaches tend 

to be adopted for voice source parameterisation, and 

these are based on either time or frequency domain 

measures. Time domain measures (detailed below) 

have the advantage that the relationship to speech 

production can more easily be inferred. On the other 

hand, the frequency domain is more readily linked to 

auditory perception. Being able to map between time 

and frequency measures would (i) extend our 

understanding of the source and (ii) open the way to 

more robust techniques for source analysis. 

This paper compares time and frequency domain 

measures, which were obtained for a data set based 

on an utterance by one speaker portraying a number 

of different emotions. Furthermore, these measures 

are also compared to a rather different measure, the 

MDQ parameter. The MDQ parameter, is not based 

directly on either time or frequency measures, but 

draws rather on techniques used in image processing 

(see more below). It has been proposed as an alter-

native measure that can serve as an indicator of 

voice source differences along the tense-lax 

continuum. If so, this measure could be very useful 

in many applications as a more readily calculated 

proxy measure of voice quality.  

2. THE VOICE SOURCE PARAMETERS 

2.1. Time domain parameters 

In addition to f0, the following time domain voice 

source parameters were analysed (see also [13]).  

Rg, the normalised glottal frequency, is a measure 

of the characteristic frequency of the glottal pulse 

(Fg), normalised to f0.  Rg mainly affects the relative 

amplitudes of the low end of the source spectrum.  

Rk is a measure of glottal pulse symmetry, de-

fined as the duration of the closing portion of the 

pulse relative to the duration of the opening portion. 

Thus, a lower Rk value means a more skewed pulse. 

Oq, the open quotient, is a measure of the open 

phase of the glottal pulse as a proportion of the glot-

tal period. Oq is determined here entirely by Rg and 

Rk according to Oq = (1+Rk)/(2Rg). It thus excludes 

the return phase (captured instead by the Ra para-
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meter). Oq mainly affects the amplitudes of the 

lower end of the source spectrum. 

Ra is the normalised effective duration of the 

return phase, i.e. the interval for which the glottis 

remains open after the main excitation. Ra relates to 

the spectral slope: the higher the Ra value, the 

greater the spectral slope. 

Ee, the excitation strength, is the negative ampli-

tude of the differentiated glottal waveform at the 

time point of maximum change in the waveform 

derivative. It relates to the overall strength of the 

glottal excitation.  

Up, the peak glottal flow, is a measure of the 

maximum amplitude of the glottal flow pulse. 

Rd is a global parameter that is proposed to cap-

ture some of the main features of the glottal pulse in 

one single measure [3, 4]. It is derived from f0, Ee 

and Up as follows: (1/0.11)×(f0·Up/Ee). For the simi-

lar NAQ parameter, see [1] and for other amplitude 

based measures, see [12]. 

2.2. Frequency domain parameters 

The frequency domain parameters analysed were the 

four parameters of the frequency domain model pro-

posed by Kreiman and colleagues [17, 6]:  

H1-H2 is the relative amplitude levels of the two 

first harmonics of the source spectrum.  

H2-H4 is the relative amplitude levels of the sec-

ond and fourth harmonics of the source spectrum.  

H4-2k is the relative amplitude levels of the 

fourth harmonic and the harmonic closest to 2 kHz. 

2k-5k is the relative amplitude levels of two 

harmonics closest to 2 kHz and 5 kHz respectively. 

2.3. Maxima Dispersion Quotient, MDQ 

The Maxima Dispersion Quotient (MDQ), is a 

relatively new measure, which purports to capture 

differences in the tense-lax dimension of voice 

quality [15]. Based on wavelet filtering, it was found 

effective for edge detection in image processing. 

This property is exploited in the calculation of the 

MDQ parameter: if the glottal pulse excitation is 

more impulse-like (typical for tense voice) the 

maxima from the wavelet decomposition will appear 

close to the excitation. However, much less impulse-

like excitation is involved in the production of lax or 

breathy voice, and the maxima from the outputs of 

the wavelet filtering will be more dispersed. 

The MDQ measures are derived completely 

automatically: Initially, the SE-VQ [16] algorithm is 

used to detect the time points of the main glottal 

excitations. LPC is then applied to derive an esti-

mate of the glottal source signal, which is analysed 

using a dyadic wavelet transform. Here we use six 

scaled versions of the wavelet function, which 

results in an octave band, zero-phase filter bank, 

with filter centre-frequencies from 125 Hz to 4 kHz.  

For each glottal excitation detected, a search 

interval is defined. The locations of the six maxima 

are determined within this interval and the absolute 

durations relative to the excitation time point are 

measured. The mean of these durations is then 

divided by the fundamental period to obtain the 

MDQ value. For further details, see [15].  

2.4. Expected trends 

In the present comparison, the expected trends are 

that the strongest correlation will be found between 

those time domain parameters associated with the 

low end of the source spectrum (Oq and the source 

parameters that contribute to Oq, namely Rg, Rk) and 

the H1-H2 measure. Some similar, though perhaps 

weaker correlations might also be expected with the 

H2-H4 parameter. 

As regards the higher end of the source spectrum, 

one would expect the strongest correlations to be 

between the time domain parameter Ra and the fre-

quency domain parameter 2k-5k. A somewhat 

weaker correlation with the H4-2k parameter might 

also be expected. 

As the MDQ value is determined by the sharp-

ness of the glottal excitation, strong correlation 

would be expected with Ee, Ra and Rk, which most 

directly capture the shape the glottal excitation. A 

general positive correlation would be expected with 

frequency domain parameters. 

3. ANALYSIS METHODS 

3.1. Speech data 

The speech data analysed involved part of the corpus 

used in [27, 14]. The recordings were of a single 

speaker repeating an all-voiced sentence, ‘We were 

away a year ago’, so as to portray differing affective 

states. These included angry, surprised, sad, bored 

and a neutral rendition. The different versions varied 

considerably in terms of their voice quality, as 

discussed in [27]. The dataset comprised 5 

utterances totalling 649 glottal pulses. However, 

only data for 506 pulses are presented here: pulses 

for which the automatic analysis failed to return an 

estimate were excluded. 

3.2. Voice source analysis  

The time domain parameter data were obtained by 

carrying out manual interactive analysis using the 

software systems described in [10, 13]. This 

involved inverse filtering of each individual glottal 

pulse to derive an estimate of the differentiated 
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glottal flow signal (i.e. the effect of lip radiation was 

not cancelled) followed by source parameterisation 

using the LF model matching technique, again 

carried out for each individual pulse.  

The VoiceSauce program [26] was used to 

automatically extract the frequency domain 

parameters H1-H2, H2-H4, H4-2k and 2k-5k.  

MDQ data were obtained according to the 

process described in Section 2.3, using the MDQ 

algorithm of the GlóRí analysis system [2]. 

3.3. Regression and correlation analysis 

Linear regression analysis and Pearson product-

moment correlation (Pearson’s r) were carried out to 

explore the relationship between (i) the time and 

frequency domain parameters and (ii) the MDQ 

measures and those obtained for the time and 

frequency domain parameters. Prior to the analysis, 

all parameter data were first smoothed by applying 

5-pulse median filtering followed by 5-pulse moving 

average filtering.  

4. RESULTS AND DISCUSSION 

4.1. Time vs. frequency domain measures  

Table 1 shows the correlations for the time and 

frequency domain parameters. In the first column, a 

bracketed (+) or ( ̶ ) sign indicates the expected 

directionality of correlation. Fig. 1 shows the linear 

regression lines and R2 values for a subset of these.  

Overall, the correlations that emerged were 

surprisingly low, but nonetheless some clear trends 

emerge. At the low end of the source spectrum, one 

would expect H1-H2 and Oq to be the most strongly 

correlated (as traditionally assumed), and this was 

borne out. One would also expect the parameters Rg 

and Rk, which here together define Oq to also be 

correlated (negatively in the case of Rg) and this 

emerges, for Rg at least. 

Table 1: Correlation (Pearson’s r) between the 

time and frequency domain parameters. The (+) 

and (–) signs indicate the expected direction of the 

correlation. * indicates significance at p<0.01. 

Parameters H1-H2 H2-H4 H4-2k 2k-5k 

Oq (+) *0.54 *0.50 *0.29 *–0.40 

Rg (–) *–0.51 *–0.39 *–0.26 *0.34 

Rk (+) *0.34 *0.59 –0.03 –0.05 

Ra (+) *0.38 *0.46 *–0.27 *–0.54 

Ee (–) *–0.35 *–0.43 *–0.28 *0.32 

Up 0.02 *0.21 *–0.20 *0.12 

Rd (+) *0.50 *0.49 *0.27 *–0.39 

log(f0) –0.12 *–0.65 –0.05 0.10 

It was expected that the H2-H4 parameter might 

also be correlated with these same time domain 

parameters, and this was also borne out. The correla-

tion of H2-H4 with Rk was in fact higher than for 

H1-H2 – something that was not expected, and sug-

gests that the glottal pulse skew influences harmon-

ics beyond the very lowest. 

Figure 1: Data for time domain parameters Oq, Rg, 

Rk and Ra vs H1-H2 and H2-H4. 

 

For parameters that relate to spectral tilt, particu-

larly at the higher frequencies, the expectation was 

that Ra would be strongly (and positively) correlated 

with the 2k-5k parameter. However, a moderate 

negative correlation emerged. It is not entirely clear 

why this is so, but differences in the inverse filtering 

might in part explain this result. The data used here 

entailed considerable dynamic variation in the vocal 

tract filter, and this can present quite a challenge for 

inverse filtering. Another possible factor could be an 

interaction of the higher harmonics with the noise 

component – something that is not captured by the 

Ra parameter. 

The global waveshape parameter Rd yielded 

correlations with the frequency domain parameters 

that are very like those for Oq. In fact, Rd and Oq 

were found to be very highly correlated to each other 

in this dataset (r = 0.94).  
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The correlation of f0 with the frequency domain 

parameters is also shown in Table 1. One might have 

expected a correlation to emerge principally with the 

H4-2k parameter, as it compares an f0 dependent 

harmonic to a (near) fixed frequency. In fact no cor-

relation emerges here, but a relatively strong one 

emerges with the H2-H4 parameter. This suggests 

that an increasing f0 affects the slope of this part of 

the source spectrum, something that is not immedi-

ately obvious from the source parameters. 

4.2. Correlations with MDQ  

Table 2 shows the correlation of the MDQ data with 

the time domain measures (left) and frequency 

domain measures (right). Fig. 2 also shows the 

regression analysis for a subset of these time and 

frequency domain parameters.  

Table 2: Correlation (Pearson’s r) between MDQ 

and the time and frequency domain parameters. (+) 

and (−) show expected direction of the correlation. 

* indicates significance at p<0.01. 

 

 

 

 

 

 

 

 

 

MDQ correlations with the time domain 

parameters are overall high (compare also analysis 

in [14]). Counter to expectations, the correlations for 

the parameters Ee (r = −0.69), Ra (r = 0.62) and Rk 

(r = 0.67), which were expected to be the highest (as 

they capture the sharpness of the excitation) were in 

fact somewhat lower than for the parameters which 

relate to the low end of the source spectrum, Oq (r = 

0.83) and Rg (r = −0.77). Correlations with Rd 

emerged as being high, at r = 0.82. 

The correlation of MDQ with the frequency 

domain measures is overall weaker. It is fairly high 

for H1-H2 (r = 0.62), weaker for H2-H4, but very 

low for H4-2k and for 2k-5k. We find again that the 

negative correlation with the 2k-5k parameter runs 

counter to expectations. 

5. CONCLUSIONS 

In this comparison of time and frequency domain 

measures of the voice source we found a correlation, 

though not a very strong one, between those 

parameters that pertain to the lower end of the 

source spectrum. Although in phonetics research, 

H1-H2 has traditionally been viewed as reflecting Oq 

variation, it is clear that other factors are involved. 

As shown in [9], the correlation with Oq may only 

hold within certain ranges of Rk values. This 

highlights the complexity of parameter interaction, 

and the need for caution in interpreting measures 

such as H1-H2 in production terms. 

Figure 2: MDQ values compared to time (left) and 

frequency (right) domain measures. 

 

The correlation of the parameters that relate to 

the upper end of the source spectrum ran counter to 

what was expected. The reasons for this anomaly are 

not clear, but it might be partially explained by 

differences in the analysis methods used. This is an 

area that will warrant further investigation, and 

modelling experiments may help complement the 

present approach, to elucidate the interaction of 

source parameters and the mapping between the time 

and frequency domains.  

As regards the MDQ parameter, the high 

correlations with the time domain measures supports 

its use as a proxy measure of voice quality.  
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