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PARALINGUISTIC SPEECH SIGNAL TRANSFORMATIONS 

Hartmut Traunmuller and Peter Branderud 
Dept. of Linguistics, Stockholm University 

Abstract 

A simple type of transformation has been found to relate the 
characteristic frequencies of the same vowels that differ in paralin- 
guistic quality. FO is shown to be subject to a similar kind of transfor- 
mation expressive of the speaker's emotional/attitudinal involvement. 
Various speech signals have been analysed, using LPC, in order to be 
resynthesized with the characteristic frequencies transformed accord- 
ing to the transformation rules observed in vowels. Within certain re- 
strictions, these transformations appear not to affect the phonetic 
quality of any speech segments. 

The problem of perceptual invariance despite paralinguistic variation in those properties 
of vowels which serve as cues to their phonetic quality has been the subject of a recent 
paper (Traunrniiller, 1988). Acoustic data on vowels produced by speakers of different 
age and sex and in different modes of speech, including shouting and whispering, had 
been analysed and perceptual experiments with synthetic vowels had been performed. 
On this basis a description of the consequences of paralinguistic variation on FO and the 
formant frequencies of vowels could be given. This also made it possible to derive cues 
to perceived vowel quality which are free from paralinguistic variation. 

The relations between phonetically identical vowels produced under different par- 
alinguistic conditions could be described by simple transformation rules. All these rela- 
tions could be interpreted as linear transformations of the characteristic frequencies (FO 
and F1 to F3) on a logarithmic scale (e.g., semitones) as well as on a tonotopic scale 
(Bark). The following exposition serves mainly to illustrate the nature of the transfor- 
mation rules. 

Fig. 1 illustrates the ontogenetic development of vowel formant frequencies in 
speakers of male sex. It shows the relations between Fl,  F2, and F3 of the same vowels 
produced by kindergarten children (age 4-5 years), boys just before and just after matu- 
ration of voice (age 12-14 years for both groups) and adult men. Formant frequency is 
scaled logarithmically. Linear regression lines have been fit to the data from each 
speaker group. In this process the formants F1 to F3 have not been discriminated. Nev- 
ertheless, the regression lines can be seen to fit the data quite well, and the remaining 
deviations between data points and regression lines which, not surprisingly, are largest 
for kindergarten children, would not be substantially reduced if we would treat the for- 
mants separately. 



FYe-puber t y  A - 
Pos t-pubcr t y  0 

- 
- 
- 

- - 
- 
-I 

FORMRNT FREQUENCY <KHz> 

Fig. 1. Logarithmically scaled formant frequencies (Fl to F3) of the same five vow- 
els of Japanese produced by kindergarten children, boys before maturation 
of voice (age 12-14 years), boys after maturation of voice (age 12-14 years), 
and adult men (group mean data): Deviation from a standard value 
(vertically) plotted against actual value (horizontally). Regression line 
shown for each group of speakers. Frequency data from H. Fujisaki, 
Yoshimune, & Nakamura (1970). 

Fig. 2 shows the relationship between the formant frequencies in spoken and in 
shouted vowels produced by men. Even in this case, a linear regression line fitted to the 
formant frequencies without discrimination fits the data quite well. F1 is substantially 
increased at increased vocal effort. F2 is also affected. Formant frequency and formant 
frequency increase are negatively correlated. F3 remains largely unaffected. At a given 
degree of vocal effort, these formant frequency changes result mainly in an increased 
perceived vowel openness. When vocal effort is increased, this effect is offset by the in- 
creased FO (Traunmiiller, 1985). Linear relationships between logarithmically scaled 
formant frequencies correspond to linear regression lines kFigs.  1 and 2. They are 
described by power functions 

in which F and F' are the frequencies (in Hz) of the same formants in the two versions, 
k is a measure of (vertical) displacement and p is a measure of difference in slope. The 
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relation between different regression lines can also be described by specifying for two 
given frequencies, say 0.3 and 3.0 kHz, the factor by which formant frequencies change. 
This method of specification has been chosen in our computer program for simulating 
paralinguistic variations because these figures are more immediately telling to the pho- 
netician, as compared with the constants in equation (1). The factors of frequency 
change for FO and for formants at 0.3 and at 3.0 kHz, corresponding to the regression 
lines in Figs. 1 and 2 are listed in Table I, in which a female-male comparison is also 
included. 
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Fig. 2 .  Logarithmically scaled formant frequencies (Fl to F3) of the same ten 
Swedish vowels shouted and produced with moderate vocal effort (mean 
data from three speakers): DifSerences (vertically) plotted against values 
from moderate version (horizontally). Regression line (r  = -0.88) also 
shown. Data due to R. Schulnzan(1985). 

While it entails no advantage to discriminate between F1 and F2 in the cases shown 
in Figs. 1 and 2, a separate treatment of these formants leads to a clearly improved de- 
scription of the differences between the typical male and female realisations of the same 
vowel phonemes, as can be seen in Figs. 3 and 4. In Fig. 4, the observeti average for- 
mant frequencies in vowels produced by wornen are compared with 111ose pretlictetl 
from male data with and without formant-specific treatment. In these figures, women's 
vowels can be seen to be clearly more peripheral than men's. They are also more pe- 
ripheral than those of the other three classes of speakers included in the investigation by 
Fujisaki & al. (1970) from which the data for Fig. 1 are taken (Traunrniiller, 1988). The 
increased peripheralness, or "segmental explicity" of female vowels is akin to that of 
stressed vowels as compared with unstressed ones (Rietveld & Koopmans-van Beinurn, 
1987). 
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Transformation kF0 k0.3 k3.0 

men - boys, mature, 12-14 years 1.29 1.14 1.13 
men - boys, immature, 12- 14 years 1.93 1.26 1.16 
men - children, 4-5 years 2.34 1.99 1.42 
men - women (Fant's data) * 1.08 1.19 
normal - shouted (men) 2.12 1.36 0.99 

Table I. Scale factors for FO and for undiscrinzinated formants at 0.3 ar2d at 3.0 kHz. 
Between speaker conzparison based on Japanese data (Fujisaki, Yoshimune, 
& Nakamura, 1970), and on datu j?om six European languages (Fant, 
1975). Within speaker. comparisons based on Swedish data (Schulman, 
1985). 
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Fig. 3. Female-male diflerertces (vertically) plotted against male values of Fl  to F3 
in vowels (horizontally) on the Oasis of log(F). Data represent mean for- 
mant frequencies from a sample of six European languages (Fartt, 1975). 
The twelve vowels chosen are those represented in at least three of these 
languages. Separate regression lines fitted to the data for FI and F2 
(whole-drawn lines). Overall regression line fitted to the tlrree,fornzarrts also 
shown (dashed). 

There is another paralinguistic variable which we can conveniently refer to as 
"prosodic explicity". This variable is involved in several types of attitudinally anti emo- 
tionally conditioned variations, reflecting the degree of personal involvement of the 
speaker. Increased prosodic explicity results in increased FO-excursions towards higher 
frequencies. 

The relationship between the FO-contours of linguistically identical utterances pro- 
duced with different degrees of prosodic explicity can also be described as a linear 
transformation on a logarithmic scale of frequency. This is shown in Fig. 5, in which the 
local maxima and minima of FO in some linguistically identical utterances, produced 
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with either a low or a high degree of (faked) involvement have been plotted against 
each other. (The choice of scale is not crucial in this case. Linear regression lines fit the 
data equally well if they are scaled in Hz or in Bark.) The speaker specific base-line 
value of FO can be seen not to change. It might, however, change if vocal effect were 
also varied. 
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Fig. 4. FI vs F2 diagram of female vowels. Same data as in Fig. 3. Observed val- 
ues (+) and values predicted from male data without discriminatiort (*) and 
with fornzartt specific treatment (#). 
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Fig. 5. Local maxima and minima irt the FO-contour of four utterances produced 
with a detached and an involved attitude by a female speaker of Swedish. 
Mean values j?onz six repetitions. FO-excess irt irtvolved versiort plotted 
agairtst FO-values in detached version. Regressiort line also sltowrt (r  = 
0.86). Data j?om G. Bruce (1982). 
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Now, we would like to see that the transformation rules found to hold for vowels 
would apply not only to vowels but to speech signals in general. In order to test this hy- 
pothesis, which constitutes the main purpose of the present study, speech signals of 
various kinds have been analysed with an automatic LPC-procedure in order to be 
resynthesized with the descriptive parameters (FO and the formant frequencies) trans- 
formed according to the transformation rules. In doing so, the Q-values of the formants 
have always been conserved. In order to be able to perform such manipulations, a new 
program has been added to our ILS-package. This program allows to simulate the over- 
all transformations described above. Variations in "segmental explicity" remain outside 
its capabilities because our LPC-analysis does not result in a reliable identification of 
formant number. Formant specific manipulations can, however, be performed if a fre- 
quency range can be specified within which they always apply. 

These synthetic transformations should, then, bring about a change in the paralin- 
guistic quality of the speech signal while they should leave its phonetic quality unaf- 
fected. The results obtained so far indicate this to be so as long as the transforms stay 
within the range of variation that can occur naturally. Thus, it is not possible to lower 
the formant frequencies below the values they have in the speech of adult men without 
affecting phonetic quality. An excessive lowering of F2 and the higher formants will 
add an overall labialized quality to the speech. In the frequency range above 2 kHz it is 
not either possible to increase the formant frequencies above the values they have in our 
kindergarten children, otherwise front rounded vowels will loose their roundedness and 
some consonants will acquire a palatalized quality. F1 and, to a lesser extent, a low F2 
can apparently be increased to higher values than in the normal speech of kindergarten 
children. A minor problem that has been observed with transformed consonants consists 
in improper intensity levels, noticeable mainly in the "voice bar" of voiced stops. 
Within the mentioned limitations, the transformations described above apply to conso- 
nants as well as to vowels. The remaining deficiencies of the transformed speech have 
mainly to do with those properties of the speech signal which in a traditional framework 
are ascribed to the voice source. 
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