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Introduction

Mienspeechisuttered intoamask, inthiscaseanoxygenlaskofthetypsused
in high perfiornance aircraft, it is distorted in a number of hays. one obvious
distortion is that the average spectrum: is cmpletsly different from that of
speech uttered under normal conditions. mu paper reports an attempt to measure
this spectral change and to begin to explain the mechanisms which cause it in
terms of the acoustics of the speech production process. since the frequencies
of interest are low enough that sound propagation in the vocal tract is
essentially plane, we canrepresent the spesda source at the mouth with a simple
one port electrical analogue. 1111s in turn can be ompletely described by its
'l'hevenin equivalent; a perfect pressure source (Pt) in series with an aquatic
impedance (2:). Previous work in which this analogy was used [Ref 1], assumed
that the vocal source. at the lips, had usnstant vollms velocity, i.e. that at
was considerably larger than both the radiation impedance (Zr) seen by the lips
when speech is uttered under noer conditions (producing a pressure PI, say).
and the amustic impedance of the man); as seen at the lips (2.“) when speech is
uttered into the mask, producing a pressure P“. muse: these circumstances the
ratio of the two pressures (Pm/Pr) is equal to the ratio of the two impedances
(71:12:). During a series of initial experiments the acoustic impedances looking
into the mouth (2:). into a mask (in) and due toradiation at the lips (Zr) were
measured. It sas found that 2,, was mama with 7.: and became greater than 2:
over certain frequenw ranges. 'mis casts considerable doubt on the asstmption
that the vocal source at the lips has a constant voluna velocity. 'lhe 'mevenin
equivalent can still be used, halever, to derive the ratio of the two pressures:

a! _ n+1:
P: 2:12“

 

2t, hon-lever, depends on the shape of the vocal tract, i.e. what is being said.
'l'hus this ratio would, at best, he consistant only for a steady uttersnta. 'me
approach taken at this stage was to directly estimate the ratio M, as a
function of frequency for various isolated utterances and wnnected speech with a
number of subjects. .

WI  



  

Proceedings of The Institute of Acoustics

mmscroemmmxosmspmmorsrm

leasurement of the Bflrum of IM in the free field and in a mask

m pressure waveform of speech when spoken in a free Eield room was picked up

using an instrumentation microphone (0.5" Bros]. and xjaer type 9134) placed a

fixed distance (Wuly (him) I'm the subject's muth. 'l'he averaged

power spectral density was then calculated using a solatron 1200 frequency

analyser with afrequency range of o to 5m, and averaging over 32 iMlvidual

spectra (about 3 seconds of speech). Similarly the pressure nveform of speech

in the mask was picked up with the same instrumentation microphone sealed into

the hole in the mask into which the comunlcetlons microphone is normally

placed. m microphone when placed in the mask had a thin (l/e') layer of open

pared foam placed across it to reduce breath wise.

lhe averaged spectrum was masured. for a given subject in the free field room

and in the mask, fior various seguents of speech. 'lheee consisted of:

a) Isolated continuous vowels and consonants)-
.n.-' .m’ .m.” and .33.. and

b) An example of connected speech (the phrase "Joe took fathers since bench

out, he was waiting at my lam-AII repeated twice).

Five male subjects were used withages ranging approximately from 20 to 30. who

were instructed to speak at a "manual" conversational level in bath the free

field am Eek commune.

For the voiced enmples of isolated speech the spectrum approximates a line

spectrum. with appreciable energy only at harmonics of the fundamntal. when a

subject utters this sound on different occasions, for example in the free field

and then into the mask, there are inevitable small differences in the

{undanental frequency, which would make it very dubious to just subtract the

two levels of the spectra to obtain the level of the ratio of the two. one

mettnd of avoiding this would be to numerically estimate the envelope of the

line spectra in each case and subtract these. However, it was found that if

the pitch of the utterance was slowly varied up and down by about a third of an

octave ('warhled'), the resulting average spectrum was a good approximation to

the envelope of the line spectra produced with constant pitch.

For a givsn subject and utterance the measurements of the spectra with or

without the mask were repeated three times and the spectral densities found to

he repeatable to within use on each occasion. 'lhis repeatability gave some

confidence in the subsequent operation or subtracting the spectral density

levels measured 'fcr a given subject and utterance with the mash, from those

without. an. resultant curve is the logarithm of the ratio of the pressure

measured in the mask to that measured in the free field, as a function of

frequency and with units of dl.

notice that because the same micmfl'lone has been used for both measurements

then the microfiche respopnse does not effect the difference, although because

of signal to noise considerations it is best to use a microphone with a flat

response may as the one used. Amther advantage of using the same microphone

is that calibrated differences in level are produced without having to worry

m the sensitivity of the microphone.
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TEE EFFECT OF AN OXYGEN MASK ON Sncmm 0F SPEECil :

FIG. 1 RATIO of PESME tn md_1n FREE FIELD.
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