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II. SPEECH PERCEPTION

A. AUDITORY MATCHING OF VOWEZLS WITH TWO FORMANT SYNTHETIC SOUNDS

It has been suggested (1)(2)(6)(7) that vowels may. be
regarded as essentially two-formant stimuli as far as their
spectral characteristics are concerned. The first formant of the
vowel would be one of the constituents and a weighted average
of the second and higher formant frequencies would constitute an
effective '"mean" pitch of the upper part of the vowel spectrum.

A further simplification holds for bvack vowels with F2 ciose to
F1,

and these vowels can be approximated by a single formant placed

The main enargy of back vowels is concentrated to F1 and F2

close to the mean of F1 and F2 in the case of [u] closer to F1.
Bven front vowels can he associated with a single formant corre-
sponding to the '"mean pitch" of the second and higher formante.
The very cxtreme is to ask subjects to associate pure tones of
2) page 87). Such tests

provide results which are consistent with the general theory of

various frequencies with vowels (ref.

vowel perception.

Our means of interpreting data from spectrographic
analysis would gain from a knowledge of how the ear weights the
several formants of front vowels. Irequently the third formant
of [i] has a higher intensitiy level than the second formant and
a fourth, fifth, and even a sixth formant may appear in the specira
of some front vowels produced by a male voice with well dzvelored
timbre. What is the effective mean of such a group of higher
formants? Is it powsible to derive tze rules for the particular
weighting function applied by the auditory system? It is felt
that an applicaticn of such rules to a female and a male sample,
perteining to a vowel of cne ana the same phonetic quality, would
provide center of gravity mezgurcs that differed less than, for

instance, the Fg—frcquenoyo




A general interest in these matters was apparent
in the 1950s. (3)(4)(5)(8)  4tention was devoted to the
possible invariance of vowel quality with certain FéfF1—ratios

and Fng3- versus F1fF3—ratia$ and other formulas.

Vowels can be synthesized with great naturalness
and exactness on the basis of a set of Fq— Fé- F3- ?d- cte. values
and other pertinent information but we still make tremendous
gver—-simplifications, if we attempt to compare the phonetic
gimilaritios and dissimilarities in terms of a FE_ versus F1-plat
only. The vowels [1] and [y], for instance, would fall almost
on the same point in the vowel diagram. One suggestion for
over—coming this difficulty when plotting vowel data was to
calculate an effective F, called Fé from the particular F, F,
and Fy (ref. (2), page 80). This formula improves the relative
crowdedness in the area of the high front vowels but it is rather
arbitrary and does not provide significant measures for back

vawels.

One possible technique that should be tried would
be to compare the spectra from an analyzer approximating the
function of the inner ear organs with that of a conventional
analyzer. Our 20-channel LUCIA spectrograph used for speech
training with hard of hearing subjects performs a semi-
auditory analysis but is not specifically designod as a
cochlear model. The LUCIA display is less sensitive to typical
male-female differences than the Sona-Graph.

No single experiments can be expected to provide
all data pertinent for defining the auditory weighting function.
Here follows a report on a pilot experiment wo madc soveral
years ago based on two-formant synthetic vowels which are varied
to provide a best match with humen vowels. Other types of
stimuli which will be used in coming experiments should have mors
selective formants in contrast to the very gradual slopes offered
by the single resonant circuits utilized for the spectrum

shaping in the previous experiments.
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The two~-formant synthesizer offers a fairly natural
reproduction of the main characteristics of back vowels with
F2 close to F1. In case of front vowels there may be several
higher formants of equal strenght building up a sort of pass-band
region of equal ripple type as is typical of a horn resonator.
A single resonance curve substituting such a group is not very
natural and the same can be said of a narrow spectral band
shaped with a band-pass filter with very steep skirts. The
latter may, however, provide suitable conditions for specifying
a lumped energy distribution on the frequency scale. Both these
two-formant approximations should be of interest for matching

purposes.

Typical spectral envelopes of the two-formant
vowels utilized in our investigation are shown in Fig. I1I-1.
Six subjects were asked to sustain each of 10 Swedish vowels.
They were then set to the task of matching tape-recordings
of their own vowels with synthetic sounds, FO and F1 being
preset from measurements of their spoken sample. The difference
in second and first formant amplitude, L2-L1, was also preset
according to an average frequency dependency rule. The only
variable was thus F2 of the synthesis which is denoted by
Fé in Table II-1. BEach subject made on the average 2 matches.
A series of repeated matchings carried out by one of the
subjects showed that the réprodudibility was generally
within less than 100-200 ¢/s except for the high front vowel

[i], where the spread could be very large.

The general tendency was to match Fé closer to F1
than F, of the vowel [u] and closer to F, than F, for [o].
The vowels [&], [$], [e], [»] were matched with F, quite close
to F, of the human vowels, whereas (2] was matched closer to Fy
than to F2. For the vowel [e] a Fé-frequency just above F3
was preferred and in case of [i] most subjects attempted to

place F2 above F4.

This very high location and the considerable spread

encountered is ascribed to the short~comings of the synthesis.
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Fig, II-1, Spectrum envelopes of two-formant syn-
thetic vowels [e] and [@]. Parallel
synthesis with phase inversion,
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Under conditions of high L'-L% the F2 appears as a small peak

2
only on the skirt of the F1

The data are summarized in the vowel diagram of Fig. II-2.

~resonance curve.

The representation of vowels by their two-formant approximations
from the matching experiments has abparently eliminated the
crowdedness in the [i] [e] [y] [4] region of the vowel diagram
thus sharpening the apparent distinctions. It remains, however,
to test other synthesis methods and to gain deeper insight

in the invariance criteria, e.g. by investigating the finite

trading relation between formant frequency and formant intensity (3)
and between FO and apparent F{ (8).
TABLE II-1.
(Mean of 10 values
in all 6 subjects)
Formant frequencies of F. of synthetic L -L/
natural vowels 2 approximation 2
. ' B
Tl ofs  ofe  ofs Jo B
[u] 335 620 440 14
(o] 400 700 635 13
[a] 620 920 940 12
(=] 635 1810 2525 2320 14
Le] 350 2270 2775 2950 17
[i] 240 2210 3100 4700 22
(y] 240 2060 2720 2400 22
(%] 235 1770 2280 1670 21
[4] 350 1770 2260 1820 18
(] 480 1250 2300 1310 14

G. Fant and A. Risberg




Foc/s
5000

] @ X Human vowel.
4000 ,.’ ® Two formant synthesis.
l’ Two resonant circuits in
/ parallel with phase
3000 1= inversion.
(1]
4 ° (e]

2000

4 ® (2]
1500 - [v]

f=
X

1000 o)
800 -

600 - - $
400 -

200
200 300 400 500 600 700

F1 c/s

Fig, II-2, F2 versus F1 plot of Swedish sustained vowels and

Fé versus F1 of two-formant synthetic approximations,

L, - L, ranging from 12 dB in (a], to 22 dB in [y]

and [i]. The very high F, of [i] may probably be

ascribed to the particular synthesis technique,
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