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ABSTRACT

The perception of rapid changes

(jumps) of formant frequency and ampli-

tude in the spectrum of synthesized vo-

wel was studied (in the experiments).

The boundaries of these changes as-

sociated with the consonants of different

phonetic qualities were determined. Au-

ditory images of studied stimuli in the

form of space-time distribution of the

responses of the detectors of amplitude

irregularities in analyser frequency

channels were received on the model. The

character of the model representation

of acoustic transitions from consonant

to vowel was revealed.

INTRODUCTION

The subject of the study is auditory re-

presentation of "acoustic events" inhe-

rent in combinations of consonant and

vowel phonemes in current speech. On dy-

namic spectrograms in these points one

can observe rapid changes of formant fre-

quency and amplitude, as well as those

of the envelope amplitude.

It is known that the result of auditory

analysis of formant transitions is used

by man as phoneme determiners of dipho-

nes. As for automatic analysis of tran-

sitions it is known to be a difficult

task, in particular, the formant frequen-

cy determination. For this reason it

seems useful to apply the well-known

principles of auditory processing for

the analysis of transitions in speech

signals.

According to some neurophysiological re-

search the neurones in auditory system

respond in a special way to the rapid

changes in amplitude or spectral charac-

teristics that occur in speech. The neu-

rones which respond only to the positive

or negative amplitude 'jumps (on- and

off-responses) have been described in many

papers/4l.

The simulations of such reactions

was realized by the functional model of

auditory determination of the amplitude

irregularities (ADAI) /3,5/. It includes

a model of peripheral spectral analyser

(the "cochlea") and the system of the en-

velope processing in every frequency

channel.

Positive and negative markers stri-

ctly localised in time are the responses

to the respectively amplitude increase

and decrease in the channels. The signal

is represented in the ADAI model as the

space-time distribution of the positive

and negative markers in the channels. It

was assumed that the markers might be

used to form the segmentation function

of speech flow and to sample the spect-

ral information /3/. For this purpose,

it is necessary to assume the integration

of similar markers over the frequency

channels. At the same time. on-and 011‘

resPonses to narrow frequency signals

may be strictly localized in frequency

scale. This was also confirmed by the
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psychoacoustic data /1/. The narrow time

an frequency localization of these reac-

fipns assumes the formation of space-

.fime distributions as the response to

theformant transitions.

wiswork was aimed to find out the pos-

fibility to use the responses of the ADAI

mad.for the analysis of such acoustic

evens as the formant frequency and am-

pntude Jumps. The present research has

beuzinspired by the well-known fact that

thejump of the formant frequency or the

mmlitude Jump along the vowel-like seg-

mmm of the signal is identified as a

cmmomum and the whole signal as the

sfllable CV or VG depending on the di-

rmnion of the jump /2,3/. The jump value

determines the phoneme quality of the

cmmonant. When the jumps are relatively

lame the stimulus is perceived as DNJV

or [h]V, when the jumps are smaller -

as [ZJV /£2/. The present research com-

mised 2 stages. Psychoacoustic experi-

mmfis with synthesized vowels were car-

nedout during the first stage. They

was devised to determine the physical

vflme of the jump of formant frequency

and amplitude /A F1 orAA1/, when they

was identified as the consonants fin] or

[Z] . The stimuli with the studied cha-
rmneristics were analised in the func-

fional model of peripheral spectral ana-

lyser and in ADAI model during the se-

cond stage.

PHWEPTION EXPERIMENTS.

Smmhesized two-formant vowels (192 ms-

24Pitch periods, 8 ms each) were used

inexPeriments. The parallel formant ana-

lflgsynthesizer generated the stimuli.

TheVariations of stimuli parameters we-

rerealized in 2 ways, as ShOWn in figu-
re1. The parameters F16 and A10 of the

first segment (the "consonant" segment,

641118) were controled. The second formant

"35constant and it was 10 dB less than

Se 82.2.2

the level of the first one. The set of

experiments has been done, each test in!

cluded only one type of stimuli. The va-

lues of F1 and F2 of the synthesized vo-

wels are shown in the Table.
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Fig.1. Structure of the stimuli in

experiments: a) the amplitude envelope;

b) the formant trackes; c) the markers

in the channels of the ADAI model.

Table

The parameters of the stimuli and expe-

rimental data.

v F2 F1 I II 3

o
11 (Hz) (HZ) AF(Hz) A4013) B

E W [Z] [l] [/n] .3

Li 625 400 120 60 4.4 11.1 1

80 50 3.4 7.6 2

,i 1480 400 120 60 5.7 14.0 1

100 60 4.8 11.2 2

L' 2250 400 120 50 6-7 13.7 1

100 60 4.3 12.9 2

e 1800 440 140 60 5.7 13.5 1

130 50 4.3 11.9 2

o 780 535 17'5 55 4.3 9.6 1

165 95 3.8 8.6 2

E 1665 585 205 75 5-7 10.9 1

205 115 3.8 11.5 2

50° 160 5.0 5.5 1
1100 900

a 500 210 3.8 9.0 2
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Two methods - adjustment and identifica-

tion - were'epplied in experiments. In

the first case the subject controled the

values of F1cand A1c to achieve the per-

ception of the stimulus as UNIV or

(H v.

Results of the adjustment were registe-

red by the experimenter.

According to the second method the sets

of stimuli were presented to the subject,

AF1 and AM being varied within de-

finite limits.

Two subjects participated in adjustment

experiments and five subjects - in idenp

tification experiments.

The results of the first type experiments

are shown in the Table where the average

values of AF1 and AM are indicated

as the responses of each subject, when

the stimuli were determined as the [[}V

or [m] v syllables. The identification

experiments data are analogous and the-

refore not described here.

The main preperties of the perception of

the jumps of formant frequency and amp-

litude are the following:

1. The perception of F1-jump depends on

the quality of the vose1.The higher F1v’

the larger the jump AlF1, percepted as

the consonant must be.

2. No regular dependence on F1v in the

perception of the A1-jump is revealed.

3. The common feature inherent in percep-

tion of both frequency and amplitude

jumps is revealed. The larger jump was

identified as an [m], the smaller one

as an [5] .

MODEL RESPONSES TO THE STIMULI

The sets of stimuli phonetically identi-

fied as V, HIV, [mIV according to

A F1 and A A1, were chosen for the ana-

lysis in the model. The markers distri-

bution at the moment of the jump was

examined for each stimulus. Two modes of

operation were possible depending on the

threshold value of markers generator:

at the threshold of the detection of am-

plitude irregularity in the signal or at

the threshold of the detection of the

consonant while changing the amplitude 01

the signal .

Under the first condition the responses

of the ADAI model were distributed on a

wide frequency ranges. Under the second

condition the markers were obtained in

narrow frequency ranges near F1 and F2.

We calculated and compared the number of

channels were the markers could be regi-

stered at the moment of the jump. The

number of marked channels correlate with

the value of AF1 or AM under both con-

ditions.

The patterns of the markers distributi-

ons were different for the frequency and

amplitude jumps: only positive markers

near 31v were registered for the ampli-

tude jump, at the same time, the positive 1

markers near F1v’ as well the negative

ones near F16 were obtained for the fre-

quency jump.

DISCUSSION AND CONCLUSION

The ADAI model reveals cues for the dis-

tinction between frequency and amplitude

jumps, on the one hand, and allows to

estimate the values of these both jumps

according to the results of these eIPe‘

riments. We hope that the model features

can help to describe the formant transi'

tions in speech signals. The experimental

data don't allow to make a conclusion

about the information used by man 101‘

the Phonetic interpretation of the fre-

quency Jumps. Whether he uses the time-

-1requency distribution of on- and off-

‘reSPOnses only or he follows also the

formant tracks. Possibly, both proces-

sings are necessary to provide the efiec'

tive auditory perception of speech 318‘
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nals.

I. [myoT‘vma petm VI anyxa: Cdopsmc Haqb

2, )nos C.fl. )nosa MJ‘. Bocnpvm'me more

3. Owawonoms petm. Bocnpmme pew us—

5. Koshevnikov V.A., Stoljarova E.I.
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