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1
This work is dévgfgdatcd; the study of

the properties of the sound spectrum at
the release of Italian stop consonants in
vocalic contexts. The aim is to check if
the amplitudes of the peaks in the spec—
trum can be used as acoustic attributes
of the place of articulation of the con-
sonants. Moreover, different measure-
ments have been performed in order to
define what of measure retains more in—
formation about peak amplitudes.
Materials and procedurese recording and measurements
were made in the Research Laboratory
of Electronics, Speech Communication
Group, MIT, Cambridge, Usa. The
materials consists in VCVC utterances
produced by seven adult Italian speak-
ers (three females and four males) in
a sound—treated room and recorded on
a high-quality magnetic tape record—
ing system. The speakers were selected
from different parts of Italy. The utter-
ances are embedded in a carrier phrasePrendi VCVC se vuoi (Take VCVC if(you) want). The measurements weremade for the consonant between vow—els. pata have been collected for all theOffiCial Italian vowels embedded in stocontexts. However, the results reported)in this paper come from the anal siof the stop consonants in the contix:of the vowel /i/. A more detailed de-scription of the speech materials andthe procedures can be found in Es osito and Stevens [2]. The spectral fep:
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their comm Gus for

resentations used include a DFT spec
trum, a smoothed version of the DFT, a
spectral averaging method. The analy-
sis window (Hamming window) was set
to 3.1 msec for each measurement. The
spectrum at the release of each con-
sonant, the averaged spectrum during
the first 4 msec (for /b,a',g/) and 10
msec (for /p, t, k/) after the release and
the lc-averaged2 spectrum were com-
puted. All spectra are preemphasized,
i.e. spectra of the first difference of
the waveform are calculated. More
over, the spectral amplitudes were also
enhanced by changing an overall spec-
tral gain control parameter. The ani-
plitudes of the maximum peaks in the
frequency ranges of 1-3kllz, 3—5kHz, 4-
6kHz, 5—7kHz, 0—2kHz, and 0.8-1.5kHz
were measured from cursor amplitude
readouts via mouse position placed on
the spectrum display. The spectrum
display shows, superimposed, both the
smoothed spectra and the DFT spec-
trum. However the peak amplitudes
were measured only on the DFT spec-
trum.

Thle amplitude attributes. e peaks amplitudes measured
in the different frequency ranges d9-

2. ~f This spectrum was computed measuring.or each voiceless consonant, the VOT length-Then the cursor was placed on the waveformat the temporal sampling point corresponding:puthe half of the VOT length and the SPEC-
t m averaged on 5 msec to the left and 5 mseco the right of this sampling point was com-$1231. We call this spectrum the k—averagedpme ii'pmkbecause I: Is the command to coin-(Klan ; lis a parameter of the analysis tool
cones 00:5 [3]) preViously set to 150 samples.th . p n.1ng to 10 msec ofsignal duration. ate sampling rate of 16.000 Hz.
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Table 1: Amplitude feature—matching

results for velar consonants. The en-

tries give the mean percentage of utter-

ances of each consonant (based on 21

utterances of each consonant, occurring

in /i/ vowel environment, and obtained

from seven speakers) that were correctly

accepted or rejected by the set of acous-

tic features defined above.

Spectrum at release

Correct Correct

Acceptance Rejection

/k/ 57.1 /p/100 /t/95.2
/g/ 90.4 /b/100 /d/S5.7

Averaged Spectrum

Correct Correct

Acceptance Rejection

/k/ 95.2 /p/100 /t/95.2

/g/ 80.9 /b/90.4 /d/76.2

k-Averaged Spectrum

Correct Correct

Acceptance Rejection

/k/ 95.2 /p/95.2 /t/95.2

scribed above were compared in order

to identify properties that can be useful

to discriminate the place of articulation

of each consonant. Initially averages of

the maximum peak amplitudes in dif-

ferent frequency ranges were computed.

However, even though some of these av-

erages differ significantly from one con-
sonant to another, the standard devi-

ations were high and they overlapped.

This effect is mostly due to the vari-

ability of the peak amplitudes among

the speakers. For this reason we de-

cided to exclude these measures and we

start to look to the amplitudes of the

maximum peaks in specified frequency

ranges compared to the amplitudes of

the maximum peaks in other frequency

ranges. This comparison seemed more

reasonable to us because it is possi-

ble to reduce the amplitude variability

among speakers and repetitions. We

carried out several attempts, compar—

ing the maximum peak amplitudes in

some frequency ranges with the max-

imum peak amplitudes in some other
frequency ranges or comparing the dif—
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Table 2: Template-matching results ob-

tained using the Blumstein and Stevens

compact template.

Spectrum at release

Correct Correct

Acceptance Rejection

/k/ 33.3 /p/ 95.2 /t/ 90.4
/g/ 66.6 /b/ 57.1 /d/90.4

Averaged Spectrum

Correct Correct

Acceptance Rejection

/k/ 47.6 /p/ 61.9 /t/ 85.7
/g/ 52.3 /b/ 47.6 /cl/66.6

k—Averaged Spectrum

Correct Correct

Acceptance Rejection

/k/ 65 /p/ 61.9 /t/ 76.2

ferences between the maximum peak

amplitudes in the different frequency

ranges examined. In each attempt we

defined a set of acoustic features based

on these comparisons and tested this

set of features on the consonants in or-

der to verify if it accepted the conso-

nant under examination and rejected

the others. The final results of this trial

and error process are the following set

of acoustic attributes for each place of

articulation:

Velar amplitude attributes: .
(11) The differences between the main-

mum peak in the 0—2kHz and the max-

imum peak in the 4—6kHz frequency

ranges must be lower than 2dB;

()1) The differences between the maxi-

mum peak in the l—7kHz and the max—

imum peak in the 0-2kHz frequency

ranges must be greater or equal to 9dB;

CI) The differences between the maxi—

mum peak in the 3-5kHz and the max-

imum peak in the 4-6kHz frequency

ranges must be greater or equal to OdB;

d1) The differences between the maxi-

mum peak in the 3-5kHz and the max-

imum peak in the 5-7kHz frequency

ranges must be greater or equal to OdB.

Labial am litude attributes: .
a2) The di erences between the man-

mum peak in the 0-2kHz and the max—
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Table 3: Amplitude feature-matching

results for labial consonants.

Spectrum at release

Correct Correct

Acceptance Rejection

/p/ 33.3 /k/ 95.2 /t/ 100

[b/ 66.6 /g/ 100 /d/95.2

Averaged Spectrum

Correct Correct

Acceptance Rejection

[p/ 90.4 /L:/ 100 /t/ 90.4

/b/ 57.1 /g/ 100 /d/100

k-Averaged Spectrum

Correct Correct

Acceptance Rejection

/p/ 90.4 /L/ 100 /t/ 100

Table 4: Template-matching results ob-

tained using the Btumstein and Stevens

difi'use-falting template.

Spectrum at release

Correct Correct

Acceptance Rejection

/p/ 38.1 /L/ 95.2 /t/ 66.6

/b/ 57.1 /g/ 90.4 /d/85.7
Averaged Spectrum

Correct Correct

Acceptance Rejection

/p/ 61.9 /k/ 100 /t/ 90.4
/b/ 66.6 /g/ 90.4 /d/80.9

L—Averaged Spectrum
Correct Correct

Acceptance Rejection
/p/ 52.3 /LT/ 100 /t/ 85.7

imum peak in the 4—6kIlz frequency
ranges must be greater than MB:
6:?) The differences between the maxi-
mum peak in the 1-7kHz and the max—
imum peak in the 0—2kllz frequency
ranges must be lower than 9dB:
CI?) The differences between the maxi-
mum peak in the 1-3kIlz and the max-
imum peak in the 5—7kllz frequency
ranges must be greater than 8dB.
Alveolar amplitude attributes:
(13) [be differences between the maxi-
mum peak in the 1-3kHz and the max-
imum peak in the 5-7kllz frequency
ranges must be lower than 9dB:
63) The differences between the maxi-
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Table 5: Amptitude feature-matching

results for atveotar consonants.

Spectrum at release

Correct Correct

Acceptance Rejection

/t/ 90.4 /L:/ 80.9 /p/ 33.3

/d/ 80.9 /g/ 100 /b/90.4

Averaged Spectrum

Correct Correct

Acceptance Rejection

/t/ 85.7 /l-.~/ 95.2 /p/ 90.4
/d/ 66.6 /g/ 90.4 /b/90.4

k-Averaged Spectrum

Correct Correct

Acceptance Rejection

/t/ 95.2 /L:/ 90.4 /p/ 95.2

mum peak in the 1-7kHz and the max—

imum peak in the 0—2kllz frequency

ranges must be lower than 10dB;
c3) The differences between the maxi-

mum peak in the 3—5kHz and the max—

imum peak in the 4-6kIIz frequency

ranges must be lower than 0dl3;

(13) The differences between the maxi—

mum peak in the 3—53kllz and the max—
imum peak in the 5-7kHz frequency

ranges must. be lower than 9(lB.

The set of acoustic attributes de—
fined above are the same. both for
voiced and voiceless consonants. How-
ever, for voiced consonants we have to

changes the 0—2kllz and 4-6kHz fre—
quency ranges to 0.8—1.5kIIz and 3—
Skllz respectively. These frequency
changes can be justified considering
that in order to allow vocal~fold vibra-
tions during the production of voiced
consonants the larynx is lowered, the
pharynx is expanded and the walls of
the vocal tract are compressed. This
could cause small shifts in the vocal
tract. resonances such as a lowering in
frequency.

Results
We used the set of features de~

fined above and the templates de-
fined by Blumstein and Stevens [1] and
we tested their discrimination perfor—
mances. We obtained the results re—
ported in the tables. These preliminary
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results show that the amplitudes of the

peaks in the spectrum computed dur—

ing the first 10 msec after the release
and in the k—averaged spectrum can be

used to discriminate among the voice-

less consonants /p, t, 117/ (see tables 1. 3,

5). What is mostly useful to discrimi-

nate /p/ from /L'/ is the property (1.?
(even though also bi? plays an impor-

tant role) whereas c? is mostly useful to
discriminate /p/ from /t/. The prOp-

erties that allow to discriminate /L/

from /p/ are al, bl, d1, whereas /L‘./ is

successfully distinguished from /t/ by

M. The Opposite of a2 (a3) is mostly

used to discriminate between /t/ and
/p/ and the opposite of bf {63) is used
to discriminate between /t/ and /L/.
This information can be used to de-

fine an automatic algorithm which dis—

criminates successfully among /p, t, k/.
Using the Blumstein and Stevens tem-

plates on the same data (see tables 2, 4,
6) the discrimination performances are

less good in most of the cases. This

result is expected in the case of the

alveolars because of the different point

of constriction of Italian /t,d/ with re-
spect to American /t,d/. However, the

results for labials and velars does not

seem to be better suggesting some lan-
guage specific influences on the gross

shape of the spectrum.

In the case of voiced consonants,

the set of attributes defined above can
be used to identify /g/ and to dis*
criminate /g/ from /b,d/ (at the re-
lease). However, for /b, d/ similar infor—
mation does not identify the two conso—
nants, even though they discriminates
[b/ from /g,d/ and [d/ from /b,g/.
In such cases, information about for-
mant transitions is required. The voic-
ing, which is always present in Italian,

causes pressure fluctuations that lead

to variability in the peak amplitudes.

With regard to the particular spec—
tra computed it is possible to say that,
in the case of voiceless consonants, the
better performances of the acoustic at—
tributes defined above and the Blum-
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Table 6: Template—matching results ob-

tained using the Btumstein and Stevens

dzfluse—rising temp/ate.

Spectrum at release

Correct Correct

Acceptance Rejection

/t/ 42.8 /L/ 47.6 /p/ 38

/d/ 52.3 /g/ 61.9 /b/80.9

Averaged Spectrum

Correct Correct
Acceptance Rejection

/t/ 71.4 /k/ 71.4 /p/ 85.7
[d/ 42.8 /g/ 57.1 /b/85.7

k—Averaged Spectrum

Correct Correct

Acceptance Rejection

/t/ 61.9 /L/ 70 /p/ 90.4

stein and Stevens template are ob—

tained when the spectra during the first

10 msec after the release and the L“ av-

eraged Spectra are used for the compar-

isons. These spectra seem more useful

to retain information about amplitude

features. The spectra at the release re—

tain more information about the ampli—

tude attributes of voiced consonants.

These results are restricted to the

consonants in the /i/ vowel environ-
ment. \Ve will test the set of acoustic

attributes defined in this paper to the

consonants in the other vowel environ—

ments. We expect that there will be

changes in their definition in order to

improve their performances in the other

vowel environments.
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