Vol 3 Page 182

Session 47.2

ICPS 95 Stockhoiy

SUB-GLOTTAL RESON
ANCES IN FE
SPEAKERS AND THEIR EFFECT ON i\’g&\f’gL
SPECTRA

ABSTRACT

Resonances of th

; e subglottal -
tem thpn influence the acogustic cﬁii-
acteristics of vowels, These influences

a peaks in vowel

ent formant movem
ents. Dat

:;;mils pro;liuced by a number Zfafegzlnel

akers show that the magnjt
these effects are correlated vgvit.hu:lce ol
tic measures indicating th e of
glottal abduction used by ¢
during phonation,

In this exam
pPle we see an t
tt'ga.l“f:aea.k at about 1600 HZ?XAIS.:ECC;'
+us spectral peak js 5 va.lle);] iniﬁ

function. These irre
spectrum result from i

through the glot;
t
tract and thegtracllsx’e:etween the

¢ report here some data on the

2. THEORY
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(l;lgulrie 1: Spectrum of vowel /e/ pro-
e;‘tc;'e by a female _speaker, showing
acoatpeak and antiresonance due fp
: 1(;3 ¢ coupling to the tracheq. Time
Window of spectrum is 22.8 ma.

:L'pproxlmatlon we represent the acous-
IC source as paired volume-velocity
;)u;:st}(lf, as shown in Fig. 2. Z, and
3 o ;S
tra%lﬁa a.ndn\l/gzg.laltlrczzt].o‘)kmg o the
€ transfer function U i
characterized by poles, whichma/rg'thl:
zleatura.l frequengies of the coupled sys-
fo:n:”tilqgithzer with zeros at frequencies
Y 1c t = oo. These zeros are
€ natural frequencies of the subglot-
i/)[fstem when the glottis is closed.
onante?suremex}ts of the subglottal res-
by T 5requenc:1es have been reported
oiyth (5] and others. Typical values
e lowest three of these frequencies

Figure 2. Eoui _
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Figure 3: Calculated transfer function
Un/U, of the vocal tract when there
is no acoustic coupling to the trachea
(solid line), when A, = 0.02 cm? (dot-
ted line), and when A, =~ 0.05 cm?
(dashed line). The tracheal resonances
are at 650 and 1600 Hz.

with a closed glottis are estimated to be
700, 1700, and 2300 Hz for adult female
speakers (cf. [5]). The bandwidths of
these resonances are about 200 Hz [4].
The poles f, of the transfer function
due to the subglottal cavity are close
to the zeros f, noted above, and the
amount of separation between a pole
and a zero in a pair depends on the size
of the glottal opening, i.e., the values
of R, and M,. For different speakers,
the average glottal area, and hence the
average values of R, and M,, may be
different. For some speakers, this dif-
ference is due to the fact that the glot-
tis does not completely close during the
so-called closed phase of vibration.

In order to estimate the effect of
the glottal opening on the spectrum of
the radiated sound, we can calculate
the transfer function U, /U, for various
values of the average glottal area A,.
We assume that the impedance looking
into the vocal tract is small compared
with the impedance of the glottis. This
assumption is reasonable as long as the
subglottal resonance is not too close to
a natural frequency of the vocal tract (a
formant). The frequency of the pole is
estimated to be the natural frequency
of the subglottal system when it is ter-
minated by the glottal impedance.

Calculations of the vocal-tract
transfer function for a typical front-
vowel configuration with formants well
separated from the tracheal resonances
are shown in Fig. 3 for two different
glottal areas. When the glottal area
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Figure 4: Estimates of the frequencies
of the two poles and zero in the vicin-
ity of F2 when there is coupling to the
trachea through a partially open gloitis.
The zero f, 1s assumed to be ﬁqzed at
1400 Hz. F2T represents the pole cor-
responding to F2, shifted by tﬁe influ-
ence of the tracheal system. The solid
lines indicate the most prominent spec-
tral peak, which shows an abrupt jump
in frequency (dotted line) when F2 is
just below f,. The dashed lines repre-
sent f, which is less prominent in the
spectrum.

is larger, substantial additional promi-
nences appear in the vowel spectrum,
whereas for the smaller area the effect
of the tracheal resonances is small.

If the frequency of a formant is
close to a subglottal resonance, the sub-
glottal coupling will have an influence
on the spectral representation of the
formant. For example, if a formant
passes through the region of a subglot-
tal resonance, interference is expected.
This interference effect is illustrated in
Fig. 4. The abscissa is the frequency
F2 that would exist if the glottis were
closed, and the ordinate is the actual
frequencies of the poles and the zero
for the coupled system. The second for-
mant frequency F2 increases from 1100
to 1800 Hz, passing through the tra-
cheal resonance f,, which in this exam-
ple is fixed at 1400 Hz. When F2 is
well separated from f;, there is a small
upward shift in the pole representing
F2, and there is a pole-zero pair f;
and f, due to tracheal coupling. When
F2 approaches f,, the pole-zero-pole
combination creates two nearby spec-
tral peaks. When F2 < f,, the lower

of these peaks is dominant, but when
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Figure 5: Average spectrum o vowel
/e/ produced by the speaker reprisented
in Fig. 1. The average was obtained
over five repetitions of the vowel (in the
word bed). Evidence for extra peaks
due to trackeal coupling is shown.

F2 passes upward through f, the upper
peak becomes dominant. Thus there
1s a discontinuous upward jump in the
dominant spectral peak as F'2 increases
through the subglottal resonance., A
similar effect occurs when F1 passes
throug_h the lowest tracheal resonance
This theoretical analysis suggests‘
then, that there are two kinds of acous-
tic evidence for acoustic coupling to
tracheal resonances: one js the presence
of spectral prominences in addition to
the prominences due to vocal-tract res-
onances or formants, and the other
is the disruption of pProminences due
to formants as they pass through fre-
duency ranges of tracheal resomances
fI‘he.latter effect should be observable
in diphthongs like /ai/, where F1 tra-
verses downward through the lowest
tracheal resonance and F2 follows an
upward-moving trajectory through the
seco’Ix}}tli trachti:a.l resonance.
eory also predicts
resonances shoulfd be ntlg:z t;:icélgx?f
n vowel spectra for individuals who
phonate with a glottis that remains
partially open throughout a glottal cy-
ﬁi Such mdwidu'a.ls are known to e)y(-
t}ll 1t a greater hlgh-frequency tilt in
ba; ﬂ:)titall sgectrum and a greater F']
1 ue to increased acoyst;
losses at the Partially open glotijs, st

3. EXPERJMENTAL DATA

Two kinds of i
\ acoustic dat
obta;(ned from vowels produc:dab;'vegs
;gea ers. From spectra of the vowels
® A/ in CVC words, estimates were
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Figure 6: Ezamples of traj 1
yectories pro-
duced by an LPC-based formant tragker
for the word bide produced by two fe-
male speakers. On the left, the F1 and
F2 tracks are smooth, with no disconti-
nmttz'es, but on the right, there are dis.
conitnuous yjumps as the formants
through trache resonam{es. pass

made of the degree of perturbation by
extra peaks and valleys that could be
ascribed to tracheal resonances. The
spectrum for each vowel was an aver.
age spectrum over the vowel portions
of five repetitions of the words, using
a short time window (7 ms) calculated
every mullisecond. An average spec-
trum of the vowel /e/ for the speaker
of Fig. 1 is shown in Fig. 5. It was
thought that such an average spectrum
should be effective for showing promi-
nences (such as those due to tracheal
resonances) that remain relatively fixed
in frequency over time. The deviation
of each vowel spectrum in terms of ex-
tra prominences was rated by two ob-

servers on a scale from 0 to 2.

A second type of acoustic data ex-
amined the tracking of the first and
second formant peaks in the diphthong
/ai/ in the utterance bide. Formant
tracks obtained using a standard LPC
algorithm are shown in Fig. 6 for two
speakers. For one of the speakers, the
formapts are tracked smoothly, except
for minor ripples due to the interaction
of the fundamental frequency and the
formants. For the other speaker, there
1s an abrupt discontinuity in both for-
mant tracks, presumably due to the in-
fluence of tracheal resonances.

. The F1 and F2 tracks for this
diphthong produced five times by each
speaker were examined, and cases with
a significant discontinuity in either
track were noted. To qualify as a dis-
continuity induced by a subglottal res-
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onance, it must occur in the frequency
range 500-1000 Hz for F1 and 1500-
2000 Hz for F2. FEach speaker was
rated by the number of such disconti-
nuities, ranging from 0 to 10.

These two measures — spectral de-
viations caused by extra prominences
(EP?‘, and discontinuities in formant
tracks for a diphthong (DF) — were
examined in relation to other acoustic
measures. These other measures are
theoretically related to the size of a
fixed opening in the glottis during the
“closed” phase of the glottal vibration
cycle, and should increase as the cross-
sectional area of the opening does [2][3].
The measures are: (1) H1-Al, the dif-
ference (in dB) between the amplitude
of the first harmonic and the amplitude
of the largest harmonic in the vicinity
of the first formant. This difference is
related to the bandwidth of the first for-
mant. (2) H1-A3, where A3 is the am-
plitude of the third formant peak. This
is a measure of spectral tilt. (3) The
bandwidth B1 of the first formant, as
determined by the rate of decay of the
F1 waveform during the initial (most
closed) part of the glottal cycle. (4) Es-
timates N, and N, of noise excitation
in the F3 waveform and high-frequency
spectrum, respectively (5].

The correlations between EP, DF
and the spectral measures are summa-
rized in Table 1. The correlations be-
tween DF and the spectral measures
are all quite high, particularly DF and
spectral tilt. The correlations for EP
are smaller, possibly due to the subjec-
tivity of this measure. It is clear from
these correlations that when spectral
measures indicate a significant glottal
opening or “chink,” evidence for tra-

cheal resonances appear in the vowel
spectrum. The effect of the tracheal
resonances on the spectrum increases as
the size of the opening increases.

4. CONCLUSION

Tracheal resonances can introduce
significant modifications in the vowel
spectra for some speakers. These are
speakers for whom other spectral mea-
sures such as spectral tilt indicate some
glottal abduction during the “closed
phase” of glottal vibration. Tracheal
resonances can interfere with the esti-
mation of formants from vowel spectra
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Table 1: Correlations between two mea-
sures of the prominences of tracheal
resonances and several spectral mea-
sures (see tezt) obtained from vowels
produced by 22 female talkers.

Measure EP DF
H1-Al1 0.50 0.68
H1-A8 0.70 0.83
Ny 0.68 0.82
N, 0.57 0.79
DF 0.62 1

and thus have implications for formant
tracking and speech recognition sys-
tems. The effects of these resonances
on both formant location and promi-
nences can also influence vowel space
and quality. Finally, our observations
of these effects suggest that the simple
source-filter theory may not always be
adequate, even for modal phonation.
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