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FORMANT FREQUENCY TUNING IN SINGING 

Gllrlilla Carlssori & Johan Surldberg 

ABSTRACT 

It is sometimes claimed that some singers tune their two lowest formant frequen- 
cies to harmonic partials in order to increase the audibility of the voice. Voice 
acoustics predicts that such tuning of formants should cause vowel changes. Using 
a newly constructed digital singing machine, the perceptual consequences of such 
tuning have been explored. Four different cases were represented, constant formant 
frequencies, and formant frequencies adapted to the fundamental frequency ac- 
cording to either of three different strategies. The resulting voice timbres were 
judged by an expert panel of singing teachers in a listening test consisting of de- 
scending chromatic scales. Constant formant frequencies were clearly preferred, 
presumably because formant tuning entails formant frequency shifts between adja- 
cent tones so substantial that salient vowel quzlity shifts occur. 

INTRODUCTION 
A singer is required to produce vowels that meet rather special demands. The tone must in some 
sense be beautiful. At the same time, it must often be audible even over a loud orchestra. These de- 
mands are partly met by articulatory means, i.e., by articulatory adjustments involving the tongue, 
the lips, and the jaw. Thereby, the vocal-tract resonances, i.e., the formants, are changed. A formant 
can be regarded as a peak in the frequency curve of the vocal-tract filter. This implies that all voice 
source partials are enhanced that are close to a formant. Typically, the overall radiated sound level 
of a vowel will increase if the frequency of the first formant approaches the strongest spectrum par- 
tial. 

The last mentioned effect on the overall sound level has inspired the hypothesis that singers 
might systematically adjust formants such that they coincide with partials, thus increasing the over- 
all sound level without raising vocal effort. Adopting the terminology of Miller & Schutte (1990), 
we will henceforth refer to this as formarlt tutling. 

A case of systematical use of formant tuning has been examined by co-author JS (Sundberg, 
1987). In super-pitch singing, the normal frequency value of the first formant is often lower than the 
fundamental frequency (FO). In such cases, sopranos were found to raise their first formant to a fre- 
quency just above the fundamental. This strategy has the advantage of increasing the sound level 
considerably as, otherwise, the first formant would be basically void of partials. In Fig. 1, the pitch- 
dependent formant frequencies for different vowels, as produced by a professional soprano singer, 
are shown. 

Another and more exotic case of formant tuning is found in certain types of chanting (Smith, 
Stevens, & Tomlinson, 1967; Sundberg, 1988). The effect of this technique which seems to involve 
a clustering of the second and third formants is so strong that the partial, coinciding with the for- 
mant, stands out as a salient pitch appearing together with the pitch corresponding to the funda- 
mental. 

At lower pitches, the problem never arises that the first formant is lower than the fundamental 
and hence void of partials. However, even in such cases, formant tuning may of course be used for 
purely timbered reasons. Also in such cases, effects on the overall sound level amounting to several 
dB may occur. 

The singing teacher Berton Coffin developed a system of singing exercises where formant tuning 
was used systematically (Coffin, 1980). Thus, formant tuning seems to be commonly applied in 
some singing practise. Still, only limited efforts have been made to examine timbered consequences 
of this practice scientifically. 
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The situation that the frequency of a partial equals that of a formant may, of course, occur also 
by pure coincidence. An interesting question then is whether or not formant tuning is used deliber- 
ately by professional singers. 

SPOKEN SOPRANO 
1 e I - I  

FUNDAMENTAL FREQUENCY (Hz) 

Fig. I .  Formant requencies estimated from a professional soprano's singing of the vowels 
indicate d at various pitches. The leftmost vowel symbols refer to the subject's 
speech. The lines between the vowel symbols represent an idealized approximation 
o the data. In addition, the frequencies of the three first partials are shown. After 
undberg (1987). s' 

The probability of the formants occurring near partials obviously depends on pitch, as the spec- 
trum partials appear densely along the frequency axis at low fundamental frequencies. The proba- 
bility that the formant is half a bandwidth (BWl2) or less from a partial can be expressed as BW/FO. 
The lowest formants are of primary interest, as they contribute most to the overall sound level. 

Miller & Schutte (1990) examined sub-, supra-, and transglottal pressures together with the au- 
dio and EGG signals from a professional baritone singer performing different singing tasks. They 
reported no evidence of formant tuning in a descending scale. However, in a three-note triad arpeg- 
gio, they found that the singer used formant tuning on the two most important notes, i.e., the lowest 
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and the highest notes. 
Miller & Schutte also reported that, because of this formant, tuning the vowel quality was sub- 

stantially modified from the intended lid quality toward an /&/. However, it does not seem possible 
to exclude the explanation that this singer, in producing a strange pronunciation of the vowel, hap- 
pened to have formants match partials by pure coincidence. Indeed, an attempt to synthesize their 
example revealed that spectra, similar to those published in their article, were obtained if the second 
formant remained close to 1.5 kHz throughout the arpeggio. 

Raphael & Scherer (1987) studied voice modifications of stage actors comparing phonatory 
characteristics of the so-called Lessac "call" technique (Lessac, 1967) and a more neutral type of 
phonation, more like conversational speech. The "call" technique is used to enable actors to be 
heard over a loud background noise and to make the voice more flexible. In such a call, the qualities 
of vowel articulation are secondary to maintaining the tonal and expressive qualities of a voice. 
Two tendencies were found in call: 

(a) the spectrum peak corresponding to F1 was sharper and moved slightly towards the first 
partial; 
(b) the spectrum energy between 2150 and 2350 Hz was higher so that a peak similar to that 
of a singer's formant was created. 

The result is a characteristic brilliance of the voice quality. The effect is reported to arise from a 
series of manoeuvres: a "half-yawn sensation", two fingertips' worth of space between the upper 
and lower teeth, and forward stretch of the cheek muscles that feed into the upper lip. When ap- 
plied, internal vibrational sensations can be felt in the skull and mouth during production of many 
vowels. 

The concept of formant tuning raises an interesting question. The first and second formants are 
decisive for the vowel quality while the higher formants are more influential on voice quality. 
Therefore, a general application of the formant-tuning principle will lead to discontinuities with re- 
gard to vowel quality. Formant tuning, on the other hand, also adds to the overall sound level. How 
important is vocal loudness as compared with vowel quality? The aim of the present investigation 
was to investigate the acceptability of different formant-tuning strategies for the task of singing a 
scale. 

METHOD 
Singing synthesis seems an almost ideal tool for investigating the timbered implications of formant 
tuning. In our department, the analog singing synthesizer MUSSE has been successfully used in 
perceptual research on singing (Carlsson, 1988; Sundberg, 1989). Recently, a new, digital version 
of this synthesizer, MUSSE DIG, has been developed (Carlsson & Neovius, 1990). 

A basic concern is the realism of the synthesis. To investigate this, an attempt was made to 
match a real vowel sound as produced by a male voice with the synthesizer. The result can be seen 
in Fig. 2. 

To investigate the acceptability of the principle of formant tuning, a set of different stimuli was 
synthesized using MUSSE DIG. The set consisted of descending, octave-wide chromatic scales ap- 
proximating the vowel /a/, starting from C4 (261 Hz). 

Three different strategies for formant tuning were synthesized, as shown in Fig. 3. In strategy A, 
the first formant was invariably tuned to the partial lying closest to 550 Hz. In strategy B, the sec- 
ond formant was tuned to the partial lying closest to 1000 Hz. In strategy C, either the first or the 
second formant was tuned to the spectrum partial closest to 550 or 1000 Hz, depending on which 
alternative gave the smallest formant frequency departure from these values. In addition, a version 
D was synthesized in which the formants remained at 550 and 1000 Hz in all tones in the scale. 

These scales were arranged on a listening tape for a paired comparison test, using the constant 
formant frequency scale as the standard. 
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Fig. 2. Power spectra of a real (a) and a matching synthesized vowel (b). The sung 
vowel is an lal. 

Nineteen members of the singing teachers' class at the Stockholm State Conservatory of Music 
listened to the syntheses. They listened over a loudspeaker to the four types of stimuli arranged in 
pairs for comparison. Each of stimuli A, B, and C, containing changing formant frequencies, was 
presented with stimulus D, with constant formant frequencies, as the standard. The subjects re- 
ceived an instruction sheet with the text: "Listen to the voice production in these descending chro- 
matic scales which are both repeated once. Which voice production do you find most correct?" The 
subjects marked on an answer sheet which synthesis in each pair they preferred. 

RESULTS 
The results are presented in Fig. 4. One subject failed to give an answer to one pair. The synthesis 
with unchanged formant frequencies was preferred by all subjects except for one single subject who 
preferred stimulus C to stimulus D (with constant formant frequencies). This indicates that formant 
tuning can not be used as a general principle. In other words, it is impossible to apply to all tones in 
a scale. The reason would be the effects on vowel quality. 

DISCUSSION AND CONCLUSIONS 
The main issue considered in the present investigation is the acceptability of different formant tun- 
ing strategies. The main result was that formant tuning is not applicable as a general principle in 
singing. This seems to be in accordance with the suggestion of Schutte & Miller (1990) that for- 
mant tuning may be difficult to apply in scale passages without intervening consonants. Under 
which conditions can formant tuning be used, then? 

Apart from the chanting mentioned in the introduction, the only certain indication of formant 
tuning in singing technique is in super-pitch singing, where otherwise the first formant would be 
lower than the fundamental frequency (Sundberg, 1987). In a lower pitch range, formant tuning is 
not likely to occur as long as the same vowel is sung in legato; sudden changes of vowel quality 
would disturb the timbered continuity needed for the legato. Also, formant tuning may raise unrea- 
sonably high demands on articulation, particularly in rapid tempos and florid singing. A situation 
where formant tuning may be more likely to occur is a strong accentuation of a particular tone in a 
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