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CLINI GAL APPLICATIONS OF ACOUSTIC VOICE ANALYSIS 

P a r t  11: ACOUSTICAL ANALYSIS, RESULTS, AND DISCUSSION 

J. Gauffin and J. Sundberg 

2.1 A c o u s t i c  A n a l y s i s  

In our research program we have chosen to use four different methods 

of analysis: fundamental frequency distribution analysis, long- time- average 

spectrum analysis (LTAS), a kind of aperiodicity measurement, and acous- 

tic glottography. Results from the three f irst  mentioned methods will be 

discussed here. These methods all accept tape recorded speech material 

a s  input. The tape recordings of the voices were made in a sound treated 

room using a two- channel tape recorder with stepwise variable gain con- 

trols. One channel records the signal from a small microphone mounted 

on a spectacle frame worn by the speaker in order to keep a constant 

mouth- to-micr ophone distance. The second channel records the signal 

from a contact midrophone put on the throat below the larynx. The step- 

wise amplifier control and a fixed mouth- to-microphone distance allows 

measurements of the SPL of the recorded speech. Filtered noise can be 

fed to the patient's e a r s  through headphones which stimulates the patient 

to increase the vocal effort. However, a s  yet the influence of increased 

voice effort on the voice quality has not been analyzed. 

A standard text was read by the subjects and the duration of the speech 

material was about 40 seconds. After reading the text sustained vowels 

were recorded to be used for the aperiodicity measurements. 

The raw material for the analysis of the fundamental frequency dis- 

tribution i s  the signal from the contact microphone. The analysis i s  per- 

formed by a computer and the result i s  given a s  a histogram (Fig. 11- B- I 

and Fig. 11- B-2). The computer program also calculates the most com- 

mon frequency and the mean value of the fundamental frequency a s  well a s  

a straight line approximation of the distribution. The program i s  a modi- 

fication of a program used for analysis of music (Askenfelt 1976) and 

therefore gives a more detailed analysis than needed for the present pur- 

pose. 

For the long-time-average spectrum analysis (LTAS) we also use a 

program designed for music analysis ( ~ a n s s o n  & Sundberg 1976). The 

speech mater i  a1 of approximately 40 seconds' duration i s  fed through a 
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Fig. 11- B- I. Simplified figure showing how a fundamental frequency 
histogram i s  calculated from the fundamental frequency 
a s  a function of time. The frequency area is divided in- 
to a number of intervals a ,  b, c ,  . . . . The total time in 
each interval i s  measured and plotted in the lower figure. I 
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Fig, 11- B- 2.' A fundamental frequency histogram as  plotted by the 
computer. In this case each frequency interval is only 
I H z  and the histogram appears a s  a c~ntinuous curve. 
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Fig. 11-B- 3. Block diagram showing how the long time average 
spectrum, LTAS, i s  derived from the speech signal 
by using. in this case, seven band-pass filters. 
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number of filters dividing the frequency range into 51 channels, 250 Hz 

wide. The level of each channel i s  averaged by the computer and i s  plot- 

ted on a frequency-intensity diagram (Fig. 11-B-3). Vowels and conso- 

nants a r e  analyzed separately be cause the consonants add significantly 

to the averaged spectrum level a t  frequencies above 4 kHz. The separa- 

tion of the consonants from the vowels i s  made automatically by sensing 

the energy in a low frequency band. 

The filterbank and computer program we now use gives a very detailed 

LTAS and the equipment i s  too elaborate to be used in a clinic (Fi g. 11-B-4). 

It should be stressed that this i s  a research tool and that we aim at  de- 

signing simple and easy to handle clinical instruments in the future. 

For the aperiodicity analysis we had to build a special equipment 

(Fig. 11-B-5). Instead of measuring the fluctuations in the vibratory cycles 

of the vocal folds we chosed to measure another type of irregularities in 

the voice, namely the energy fluctuations at  frequencies above ca 2 kHz. 

Such fluctuations can easily be observed on spectrograms of hoarse voices. 

These high-frequency fluctuations a r e  caused by irregularities in the vib- 

rations of the vocal folds and by turbulent friction noise in the glottis. 

The periodic component of the voice has a spectrum that falls off with 

-6  dB per octave or more, while the turbulent noise has a flat spectrum. 

This means that above a certain frequency the turbulent noise will domi- 

nate over the periodic component in the signal. What we do i s  to high- 

pass the signal a t  2 kHz, rectify and smooth it  with a low-pass filter a t  

approximately one octave above the fundamental frequency. For  a good 

voice the resulting signal i s  regular and periodic, while for a hoarse or 

breathy voice the signal i s  more irregular.  

The instrument measures the amplitude differences between each pair 

of adjacent periods in the signal and computes the mean value of these dif- 

ferences over time. One disadvantage with the method i s  that measure- 

ments cannot be made on connected speech, only on sustained vowels. 

We will also mention here the equipment we have been working on for 

making acoustic glottography of the type presented by Rothenberg (1973). 

It consists of a mask with a special type of microphone that reacts  to the 

pressure drop across  an acoustic resistance (a metal screen). The micro- 

phone signal is fed to a simple inverse filter that removes the effect of the 

vocal t ract  resonances. The filtered output i s  displayed on an oscilloscope. 
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This instrument allows measurements  of the airflow and the glottal modu- 

lation of the airflow. Thus, for example, insufficient closure of the glot- 

t i s  can be determined. A s  yet only prel iminary experiments have been 

made and some stability problems have to be solved before we can evaluate 

the instrument. 

2.2 R e s u l t s  a n d  D i s c u s s i o n  

The LTAS curves were  evaluated in  the way il lustrated in Fig.  11- B-6. 

Each curve was divided into three  separate  frequency bands l imited by 

the frequencies of 0, 2, 5, and 8 kHz, and the maximum level was deter-  

mined in the 0-2  kHz band. This measure  corresponds to the averaged 

overall  sound p res su re  level of the voice. Then the minimum level differ- 

ences between the three bands were  determined, a s  shown in  the figure. 

These values plus the mean pitch frequency a s  determined f rom the funda- 

mental frequency his tograms a r e  the data which will be considered here,  

Factor  1, steady-unstable. This factor can be assumed to reflect t ime- 

variant voice character is t ics .  The acoustic data considered he re  average 

signal character is t ics  over time. Hence a s  was expected no correlation 

was found between Factor  I and any of the acous t ic  pa ramete r s  he re  con- 

sidered. 

Factor  2, overtight-breathy. A breathy voice resu l t s  f rom an incomplete - 
closure of the glottis. This in  turn generally resu l t s  in a glottal waveform 

lacking the sharp  discontinuities that produce high voice spectrum ha r -  

monics. As  regards  an overtight voice the r e v e r s e  would apply. Hence 

we can expect a steeply sloping average spectrum f rom a breathy voice.  

The highest significant correlation was found with a value describing the 

slope of the LTAS curve, a s  shown in  Fig.  11-B-7. Typical LTAS-curves 

for an overtight, a neutral  and a breathy voice a r e  given below the figure. 

Factor  3, hyper-hypokinetic. This factor would re la te  to vocal effort in  

a broad sense (Fig.  11-B-8). Vocal effort generally determines the loud- 

ness ,  which would correlate  with the sound p res su re  level of the voice, 

i. e. the level of the f i r s t  peak in the LTAS. The highest significant cor- 

relation was found with the SPL in  the frequency band 0-2  kHz and Factor  

3. 
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Fig. .II-B-6. Schematic illustration of the measures ex- 
tracted from the long time average spectra. 
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Fig. 11-B-7. Breathy-overtight factor score plotted against sound 
pressure level differences between the various parts 
of the LTAS indicated. The circled pairs of dots in- 
dicate the data for those patients, whose voices were 
evaluated twice by the listener panel. 
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Fig. 11- B-8. Hypo-hyperkinetic factor score plotted against over - 
all mean sound pressure level. The circled pairs of 
dots indicate the data for those three patients, whose 
voices were evaluated twice by the listener panel. 
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FACTOR 5 
CHEST- HEAD REGISTER 

Fig. 11-B-10. Head-chest register factor score plotted against 
the sound pressure level of the upper frequency 
band. The circled paire of dots indicate the data 
for those three patients, whose voices were eva- 
luated twice by the listener panel; 
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perceptual factor.  Therefore better r e su l t s  can be expected f rom a 

m o r e  sophisticated analysis of the relationships between acoustic mea-  

sur  ements and the factors  characterizing our perception of normal  and 

abnormal voices. 
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