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ABSTRACT 
 
Approximating vocal tract by a series of acoustical tubes, 
reflection coefficients between the tubes are essential 
parameters for vocal tract area estimation.  These parameters 
have been obtained through PARCOR analysis, with some 
devices to eliminate undesirable effects of fundamental period 
and radiation between lips.  In this paper, vocal tract ratio 
estimation method is proposed using temporally and spectrally 
smoothed spectral envelope obtained by STRAIGHT speech 
analysis and synthesis method.  The spectrum is transformed 
PARCOR coefficients, which are used to estimate the vocal 
area ratios.  As a result, the proposed method can make a 
stable estimate of vocal tract area ratios in both temporal and 
spectral.   
 
 

1. INTRODUCTION 
 
Vocal tract area estimation methods have been studied under 
the assumption that speech signal obtains its own phoneme 
property as the result of resonance phenomena in vocal tract 
and the vocal tract can be considered to be a series of simple 
acoustical tubes.  Most of them represent the acoustical tubes 
by a finite number of cylinders, and then the reflection 
coefficients between tubes are essential parameters to estimate 
the area ratio of the tubes.  Generally, these parameters have 
been obtained from PARCOR coefficients through PARCOR 
analysis.  However, speech signals include some effects 
undescribed above mostly from fundamental period and 
radiation between lips, therefore, some preprocessing are 
required to compensate the effects.  The previous works 
devised the above compensation.   
 
STRAIGHT (Kawahara: 1996, 1997, 1999) is a speech analysis 
and synthesis method with simple basic structure like 
VOCORDER, while STRAIGHT includes a fundamental 
frequency estimation mechanism (TEMPO) and spectral 
envelope estimation mechanism (STRAIGHT-core) with 
temporal.  These mechanisms cooperate with each other, and 
temporally and spectrally smoothed spectral envelope is 
obtained.  In the above vocal tract estimation model where 
phonetic property is supposed to be added in the vocal tract and 
observed in the shape of spectral envelope, the spectral 
envelope obtained by STRAIGHT is considered to be 
preferable to the model since the articulatory organs cannot 
move too fast.   
 
In this paper, a method of vocal tract ratio estimation is 

proposed using spectral envelope obtained by STRAIGHT 
speech analysis and synthesis method.  Firstly, the spectral 
envelope is transformed into cepstrum and then PARCOR 
coefficients.  Then the vocal tract area ratios are estimated by 
transforming the PARCOR coefficients into reflection ones, in 
the same manner as conventional methods.   
 
As a result, the vocal tract area ratios obtained by the proposed 
method reflects the phonetic characteristics in the shape as 
vocal tract.  And the proposed method can estimate smoother 
vocal tract area ratios in both temporal and spectral than those 
by PARCOR analysis with simple compensation for radiation.   
 
 

2. STRAIGHT: A SPEECH ANALYSIS 
AND SYNTHESIS METHOD 

 
STRAIGHT (Speech Transformation and Representation based 
on Adaptive Interpolation of weiGHTed spectrogram) is a 
speech analysis and synthesis method with simple structure like 
VOCODER.  STRIGHT can synthesis high quality speech and 
is robust against transformations of speech parameters.  Figure 
1 shows the structure of STRAIGHT.   
 
STRAIGHT includes a fundamental frequency estimation 
mechanism (TEMPO) based on instantaneous frequency 
analysis in its analysis part and spectral envelope estimation 
mechanism (STRAIGHT-core) with temporal and spectral 
compensation using the estimated fundamental frequency.  
These mechanisms cooperate with each other, and temporally 
and spectrally smooth spectral envelope is obtained.  In the 
vocal tract estimation model where phonetic property is 
supposed to be appended in the vocal tract and observed in the 
shape of spectral envelope, the spectral envelope obtained by 
STRAIGHT is considered to be preferable to the model.  
Since the articulatory organs cannot move too fast, it is also 
considered that the smooth spectral envelope by STRAIGHT is 
natural.   
 
 

3. VOCAL TRACT AREA RATIO 
ESTIMATION USING STRAIGHT 

SPECTRUM 
 
Figure 2 illustrates the process for the vocal tract area ratio 
estimation using STRAIGHT spectrum.   
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3.1. SMOOTHED SPECTRUM ENVELOPE FROM 
STRAIGHT 

 
First, an input speech signal is analyzed by STRAIGHT.  Here, 
the spectrogram from STRAIGHT-core is adopted, which is 
temporally and spectrally smooth because of the compensation 
mechanism for the effect of fundamental period by using the 
estimated fundamental frequency from TEMPO.  Spectrum 
envelopes of amplitude characteristics are obtained from the 
spectrogram by specifying a time.  The spectrum envelopes 
are defined on equispaced discrete frequency grid.   
 
 
3.2. COEFFICIENTS TRANSFORM INTO VOCAL 

TRACT AREA RATIOS 
 
The spectrum envelope is transformed into a set of vocal tract 
area ratios through some other coefficients.  Firstly, the 
spectrum envelope is transformed into cepstrum ( )mc .  The 
cepstrum is truncated based on the degree of LPC in order to 
obtain the LPC coefficients ( )na  approximating the envelope:  
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Next, the LPC coefficients ( )na  is transformed into the 
corresponding PARCOR coefficients ( )nk  as follows:  
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where 
 

( ) ( )jajPa =, .   
 

Because the PARCOR coefficients have the direct relation to 
reflection coefficients ( )nr : 
 

( ) ( )nknr −= ,  
 
the vocal tract area ratios ( )nA  is estimated as follows:  
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4. EXPERIMENTS 
 
Figure 3 demonstrates a result from the proposed vocal tract 
area ratio estimation method.  The input speech signal is a 
Japanese vowel /a/, which is separately uttered by a Japanese 
male.  It is band-limited by 8kHz, and sampled by 20kHz with 
16bits quantization.  In this experiment, STRAIGHT was used 
with 40msec analysis frame length and 1msec frame shift.  
The spectral envelopes are obtained every 1msec on equispaced 
513 points on frequency grid between 0 to 10kHz.  The degree 
of LPC is 20.  Figure 3 is focused on the estimated vocal tract 
area ratios in 100msec around the vowel center.  Figure 4 
shows the average and deviation of the estimated vocal tract 
area ratios in the same interval of Figure 3.  Estimation results  
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Figure 1: Structure of STRAIGHT 
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Figure 2: Process of vocal tract area ratio estimation 



for the other vowels are summarized in Figure 6.   
 
 

5. DISCUSSIONS 
 
From Figure 3 and 4, the estimated area ratios are stable in time.  
When the vowel is uttering separately, the vocal tract shape is 
considered to be almost constant around the vowel center.  
The estimated area ratios are natural in this feature.  Figure 5 
is an vocal tract area ratio estimation example based on 
PARCOR analysis based method for the same speech signal in 
Figure 3 and 4.  The degree is 20 and autocorrelation is 
calculated with samples in 40msec.  The frame was shifted by 
every 1msec.  Larger deviation is observed in Figure 5, which 
is considered unnatural as vocal tract area ratio estimation.  
The similar property was also observed in estimation examples 
for other vowels in Figure 6.  This property will be applicable 
to the analysis of articulation and its variation in time.   
 
The accuracy of the estimated shapes are not evaluated now.  
And the compensation for frequency characteristics of sound 
source is not considered enough yet.  Then, the estimated 
shapes in the example may not be accurate for the practical use.   
 
 

6. CONCLUSIONS 
 
In this paper, vocal tract ratio estimation method was proposed 
using spectral envelope obtained by STRAIGHT speech 
analysis and synthesis method.  The spectral envelope was 
transformed into cepstrum, PARCOR coefficients, and then the 
vocal tract area ratios via reflection coefficients.  In the 
experiments, STRAIGHT was used with 40msec analysis frame 
length and 1msec frame shift, and speech signals are Japanese 
vowels separately uttered by a native Japanese male, which is 
limited by 8kHz, sampled by 20kHz.  The spectral envelopes 
between 0 to 10kHz are obtained every 1msec on equispaced 
513 frequency points.  As a result, it is indicated that the vocal 
tract area ratios obtained by the proposed method reflects the 
phonetic characteristics in the shape as vocal tract.  And the 
estimated ratios are smooth in both temporal and spectral 

domains than those with PARCOR analysis.  It is considered 
that the compensation mechanism of spectrum for fundamental 
frequency would effectively work in this method.  On the 
other hand, the compensation for the spectrum of sound source 
was not enough to obtain accurate and smooth estimation.  It 
is remained as a further research.   
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Figure 5: Average and deviation of the estimated vocal 
tract area ratio through PARCOR analysis  

(separately uttered Japanese vowel /a/,  
around the center of the utterance) 
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Figure 4: Average and deviation of the estimated vocal  
tract area ratio (separately uttered Japanese  
vowel /a/, around the center of the utterance)  Lips 

Glottis 

Figure 3: An example of estimated vocal  
tract area ratio (separately uttered Japanese  
vowel /a/, around the center of the utterance) 
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Figure 6: Average and deviation of the estimated vocal tract area ratio (separately uttered Japanese  
vowel /i/, /u/, /e/, /o/, around the center of the utterance) 


