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Abstract 

and transformation of the vocal tract spectrum and the pitch 
contour. The first method (selective pre-emphasis) relies on 
band-pass filtering to perform vocal tract transformation. The 
second method (segmental pitch contour model) focuses on a 
more detailed modeling of pitch contours. Both methods are 
utilized in the design of a voice conversion algorithm based on 
codebook mapping. We compare them with existing vocal 
tract and pitch contour transformation methods and acoustic 
feature transplantations in subjective tests. The performance of 
the selective pre-emphasis based method is similar to the 
methods used in our previous work at higher sampling rates 
with a lower prediction order. The results also indicate that the 
segmental pitch contour model improves voice conversion 
performance. 

1. Introduction 
Detailed modeling and transformation of the vocal tract 
spectrum and the pitch contour are two key issues for the 
design of voice conversion algorithms. As we have shown in 
our previous work, vocal tract and pitch characteristics have a 
dominant role in perception of speaker identity [1]. Several 
methods are used for modeling and transformation of the 
vocal tract spectrum. Examples include formant frequencies 
[2], and the sinusoidal model parameters [3]. Line spectral 
frequencies (LSFs) attract special attention because of their 
nice interpolation properties as described in [4], and [5]. 
Several methods for pitch contour modeling and 
transformation are described in [6].  

This study proposes two new methods for detailed 
modeling and transformation of the vocal tract spectrum and 
the pitch contour. In Section 2, we describe the selective pre-
emphasis method to model and transform the vocal tract 
spectrum. We employ a sub-band based framework taking the 
perceptual characteristics of the human auditory system into 
account. The selective pre-emphasis method provides the 
means for detailed spectral envelope estimation and for 
modification of spectral resolution in different sub-bands. In 
Section 3, we propose a segmental pitch contour model. Both 
methods are incorporated into the voice conversion algorithm 
of STASC [4]. Section 4 describes a subjective test for the 
evaluation of new methods. Finally, in Section 5, the results 
and future work are discussed.  

2. Selective Pre-emphasis System 
It is common practice to apply pre-emphasis prior to LPC 
analysis to enhance the numerical properties of the procedure. 
In this section, we combine the motivation behind pre-
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asis with perceptual sub-band processing to estimate the 
tract spectrum in detail. We refer to this new method as 
ive pre-emphasis. The selective pre-emphasis system 
eveloped to overcome the problems of the Discrete 

let Transform (DWT) based system that performs 
ormation of the vocal tract spectrum in different sub-
 as described in [7]. Although it provides efficient 
ons at higher sampling rates, it has certain 
antages. When the aim is to perform modification in all 

ands, aliasing distortion causes a reduction in the output 
y. This is due to the fact that modified version of one 
and may overlap with another sub-band in the 
struction stage. For this reason, we have investigated a 

ethod that provides the means to model and transform 
ent frequency regions in different amounts of spectral 
 with less distortion and more flexibility. We use the 
hat LPC analysis models spectral peaks better than 
al nulls. So, it is possible to emphasize specific regions 
 spectrum by band-pass filtering to capture spectral 

s. 

nalysis and Synthesis 

asic idea behind selective pre-emphasis is to estimate the 
tract spectrum as a weighted combination of the spectral 
pes of the sub-band components. First, the speech 

 s(n) is filtered with a bandpass filterbank. Each sub-
component is processed frame-by-frame. LP analysis is 
med on each sub-band component to obtain ai(r), the LP 
cients of the ith sub-band component , and Hi(k), the 
al envelope. Next, H(k), the full-band vocal tract 
um is calculated using Equation 1 as a weighted 
ination of the sub-band spectral envelopes. We denote 
eight of the LP spectrum of a sub-band component at a 
ic frequency k by ci(k) as given by Equation 2. Note 
1 is the lower cut-off frequency of the (i+1)th band-pass 

 and k2 is the higher cut-off frequency of the ith band-
ilter. The condition k1 ≤ k ≤ k2 ensures that the band-
ilters are overlapping. The flowchart for selective pre-
asis based analysis is shown in Fig. 1. 

(1) 

(2) 

 the synthesis stage, we use the synthesis LP coefficients 
ynthesis excitation spectra to obtain the output signal. 
that we use the hat symbol for the synthesis parameters 
se they can be modified versions of the analysis 
eters depending on the application.  The synthesis stage 
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