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I. INTRODUCTION

The study of vocalization brings together a long history of voice termi-
nology from acoustics, linguistics, phonetics, speech pathology, laryngology,
music, theater, biology, and speech technology. One challenge is to maintain
consistency in symbolic representation of key variables used for resonant fre-
quencies of the airways and the frequencies produced by sound sources.
Scientists who use mathematical notation are encouraged to use single letters
with subscripts for algebraic clarity (Cohen and Giacomo, 1987), whereas
clinicians often prefer multiple-letter abbreviations without subscripts for
ease of written and spoken communication. For example, the symbol £, as the
fundamental frequency of oscillation of the vocal folds has been used in thou-
sands of publications, both with upper case and lower case letters, and both
with subscript and no subscript. If capitalized, the symbol is not clearly disso-
ciated from formant frequencies Fy, F», ..., Fy. The subscript of fundamental
frequency, if written as a “zero,” does not indicate a first harmonic, but rather
a meaningless “zero” harmonic. If written as an alphabetic “0,” it can stand
for “oscillation,” which is more meaningful. Some investigators have
expressed a desire to abandon f,, altogether, but such a dramatic shift would
render a disservice to volumes of historic literature.

A new attempt at clarity has arisen, in which authors are beginning to
identify harmonics of the sound source as H,, H,, H3, ..., H,. The problem
with this notation is that the symbol “H” can refer to either the frequency or
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the amplitude of a harmonic. For example, when an H,/H ratio is computed
for a spectral balance measure, an amplitude ratio is intended, not a fre-
quency ratio. In other cases, when authors refer to H,/F, or H,—F relations
(especially in singing), they are talking about frequency ratios or differen-
ces. Thus, confusion has not been eliminated by introducing the H symbol.
We will show that its use is not necessary.

With regard to airway resonances, historical precedence and current
usage of terminology are also slightly at odds. Joe Wolfe and colleagues
suggest that the symbol R be used to stand separate from the symbol F for
formant (Wolfe, 2014). The distinction is being made because a formant
was originally defined as a peak in the output spectrum envelope radiated
from the mouth (Hermann, 1894, 1895; Russell, 1929; Fant, 1960, p. 20). A
similar definition appears in the current ASA standard of acoustic terminol-
ogy (Acoustical Society of America, 2004), namely, that a formant is “a
range of frequencies in which there is absolute or relative maximum in the
sound spectrum. The frequency at the maximum is the formant frequency.”
As such, a formant involves both the source and the filter. However, as
speech analysis and synthesis have progressed in a half century, the defini-
tion has not been universally maintained. Fant (1960, pp. 20, 53) defined
formants as the poles of the transfer function of the supraglottal vocal tract,
and labeled the pole frequencies F1, ..., F, and their bandwidths By, ..., B,,.
He was followed in this path by many authors, such as Titze (1994, p. 156)
or Stevens (1998, p.131). It is noteworthy that Flanagan (1965, p. 57) was
aware of the dual definition (and possible evolution) by using the term
“formant resonance.” While Benade (1976) maintained the definition of
“peaks in the spectral envelope of the radiated sound,” Badin and Fant
(1984) computed formant frequencies and bandwidths on the basis of x-ray
area function resonances of the supraglottal vocal tract, not peaks in the out-
put spectrum envelope. Story et al. (1996) did similar calculations based on
magnetic resonance imaging (MRI). Differentiation between the formant
frequencies and resonance frequencies of the vocal tract can be found in
some papers comparing measurements from phonation (formants) to those
derived from vocal tract impedance measurements or from calculations
based on MRI or computer tomography (CT) data (resonance frequencies)
(e.g., Stoffers et al., 2006; Vampola et al., 2013).

What is relevant here for nomenclature and symbolic notation is that
the letter R is easily distinguishable from the letter F or f, both in speaking
and writing. Hence, it is useful as a subscript to separate source and filter
symbols. Discussion can continue on whether or not a formant is a meaning-
ful representation of any particular resonance. Some authors describe
resonances pertaining to the supraglottal airway only (assuming no coupling
to the glottal or subglottal system), while others describe the net effect of
complex interactions of multiple resonators above, below, and within the
larynx.

Il. IDEAL CLARITY FOR MATHEMATICAL
COMMUNICATION

Assuming that a common definition between formants and resonances
of some portion of the vocal tract could be reached, the formant frequencies
could continue to be written as F1, ..., Fy,, and source frequencies could be
written as f1, f>, f3, ..., /fa. Source amplitudes could be written as A,,, and rela-
tive levels of formant peaks in the vocal-tract spectral envelope as L, ..., L,.
This kind of simplicity is a hope of many scientists and practitioners in the
field. Unfortunately, the common definition between a formant and a reso-
nance is yet to be established. Furthermore, for oral communication, there is

TABLE 1. Harmonic, resonance, and formant symbols for quantitative relations.

cp o

no upper and lower case distinction. “f;” is pronounced the same way as
“F,.” So, what is the answer for current scientific and oral clarity?

lll. AREASONABLE COMPROMISE FOR WRITTEN
AND SPOKEN COMMUNICATION

The present authors suggest the following notation to be used.
Harmonic frequencies should be written as multiples of f,, namely, nf,. The
letters H and h are not needed. Harmonic amplitudes should be written as
A,. The letter R can be used as a word abbreviation for resonance, but two
subscripts should be assigned to specify the resonance properties (see Table
I). The letter F can be used as a word abbreviation for formant, but if only a
single subscript is assigned, it must refer only to formant frequency (Table
I). Level and bandwidth of the formant should carry two subscripts to be dis-
tinguishable from those of resonances.

The harmonic notation is tied to the Fourier series expansion of an
acoustic pressure

P(1) = Ay sin 2mnfy + ¢,,)- @

The parenthesized (1) for the first harmonic in Table I is generally not writ-
ten or spoken, but always implied. This is important to point out so that the
harmonic integer series is complete. The subscript for fundamental frequen-
cies is an ““0,” not a zero to emphasize “oscillation.” The letter L for reso-
nance level is used because we usually express relative formant peaks in dB.
L, is generally assumed to be 0 dB, thereby using the amplitude of the fun-
damental as the reference amplitude.

For inharmonic source frequencies, the symbols fi, />, f3, ..., can be used
without reference to any harmonic index or f,. It is then important to speak
“source frequency f;,” “source frequency f>,” etc. For subharmonic frequen-
cies, nf,/i will identify the period-i subharmonic series. Consensus on symbols
for amplitudes and levels of subharmonics has not yet been discussed.

A little training will be needed for people to say, “two f,,” “three f,,”
and so on, for harmonic frequencies. The beauty of that training, however, is
that the harmonic relationship with f, will always be kept in mind. Also, for
subharmonics, “one-half f,” or “one-third f,” is an easy extension. Speaking
the extra letters in fry, ..., frm; LR1s - --» LrRms and Bgy, ..., Br,, Will also be an
immediate reminder of “resonance” rather than “source” or “formant.” With
this nomenclature, an nf,/fg,, ratio or an nf, — fg,, difference describes a
source-resonance frequency relation. Likewise, an nf,/F,, or an nf, — Fy,
describes a source-formant frequency relation. The ratio A,/A, describes a
harmonic relation (linear scale), L,,—L; describes a logarithmic (dB) source-
harmonic relation, L, — Lg,, describes a logarithmic source-resonance ampli-
tude relation in dB, and L, — Lg; describes a formant level relation in dB.

The classical equation for the resonance frequency of an idealized,
uniform closed-open tube

c

me - (sz 1>E (2)
remains a benchmark of comparison between resonances and formants, inas-
much as no resonance coupling occurs to other airway structures. For this
idealized airway structure, as well as for closed glottis vowels, fr,, = Fn.

Symbolic notation for subglottal resonances has not been addressed
here, nor for resonances of side branches of the airways (nasal tract, sinuses).
Some precedence exists for labeling subglottal resonance and formant fre-
quencies with a “prime” superscript (e.g., /'r, and F',)). Subscripts “sg” have

Harmonics Resonances Formants
Frequency Amplitude Level Frequency Level of Bandwidth Frequency Level of Bandwidth
(Hz) (Pa) (dB) (Hz) peak (dB) (Hz) (Hz) peak (dB) (Hz)
(l)fo A] L] fR] LRI BR] F] LFI BFI
2, Ay L, Ir2 Lyr> Bro Fy Lp> Bry
3fo AS L3 fRS LR3 BRS F3 LF3 BF3
nf, An L, Srm Lgm Brom Fin Ly, Brm
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also been used in presentations, but these additional subscripts are unappeal-
ing due to overuse of subscripts.

IV. CONCLUSION

A compromise has been reached between preserving historical nomen-
clature and symbols for source harmonics, vocal tract resonances, and for-
mants while providing clarity for speaking the symbols and assigning
numbers and units to them. Little re-training is needed. One extra subscript
is added for resonance characteristics and for formant levels and band-
widths. The harmonic number is explicitly written and spoken together with
the fundamental frequency. Authors who are heavily invested in formant
frequency analysis are encouraged to be as clear as possible about the rela-
tion between a peak in the output spectrum and a presumed resonance of the
vocal tract. Likewise, those who describe airway resonances are encouraged
to be as clear as possible about their manifestation in the output spectrum. It
is important to clarify what the boundaries of the resonator are. In some
cases, only the supraglottal vocal tract is described as a resonator (with the
glottis closed), in other cases the resonance includes the interaction with the
glottis, and in yet other cases resonance includes the entire airway, lungs to
lips. As benchmarks are being developed for characteristic frequencies and
bandwidths of vowels and consonants, across species, genders, age and cul-
tures, it becomes ever more important to define the exact geometry and
boundary conditions of the portion of the airway under investigation.
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