
Study of Speech Syllables using LORENZ Model  
for Nonlinear Analysis  

Victor H. Téllez Arrieta, Fabiola M. Martínez Licona, Alma E.  Martínez Licona 

 Department of Electrical Engineering 
Universidad Autonoma Metropolitana-Iztapalapa , Mexico 

vict@xanum.uam.mx 
 

Abstract 
Nonlinear methods for signal analysis has been a 
research area where techniques have tried to overcome 
the limitations that linear techniques show. Speech 
signals have characteristics considered as nonlinear as 
for example high frequency and short duration 
components as in the case of occlusive and fricative 
sounds. A study of nonlinear techniques on speech 
signals is presented; in particular Lorenz model is 
applied to Spanish syllables and their attractors are 
reviewed. 
 

1. Introduction 
Source-filter models are important part of many 

applications of speech processing such as speech 
coding, speech synthesis, speech recognition and 
speaker recognition technology. In these models the 
filter is designed based on linear prediction theory; the 
input signal for the filter is either left undefined, 
modeled as noise, described as a simple pulse train or 
described by an entry from a large codebook. While this 
approach has led great advances in the last 30 years, it 
does not take the information that comes from the 
structure known to be present in the speech signal. In 
practical applications, it seems to be present as an 
increase in the bit rate, a less natural speech synthesis 
and an inferior ability to discriminate speech sounds. 
The total or partial replacement of the linear filter with 
nonlinear operators should enable us to obtain a more 
accurate description of the speech. For example, 
coarticulation and prosody aspects could be modeled 
with more precise elements and this in turn may lead to 
better performance of practical speech processing 
applications. 

Nonlinear processing techniques are potentially 
useful in many scenarios. Work has been made in the 
analysis of nonlinearities of signal and noise processing, 
signal acquisition systems, transmission channel 
systems and human perception mechanisms. Although 
nonlinear analysis can be considered as an alternative to 
traditional methods, it lacks of an understanding of a 
unifying theory among the   different   nonlinear   
processing   tools  as neural networks, homomorphic, 
polynomial, morphological, and ordered statistics filters, 

etc., the computational load is usually harder in terms of 
time and operations. 

It is difficult to perform an analysis of a nonlinear 
system. The traditional tools used to analyze a system 
are no longer valid, especially in the case of frequency 
domain, the  efforts done in this field can not be 
generalized [1], [2], [3],[4].  

In this paper a review of nonlinear techniques 
applied to speech signals is presented. In particular, 
Lorenz model is used to characterize Spanish syllables; 
the setting of the parameters  are analyzed in order to 
get the best suitable representation of the signal.  

2. Nonlinear methods 
Nonlinear methods for speech processing are a 

rapidly growing area of research. An excellent, recent 
overview of these techniques is given in [5]. In the 
nonlinear literature area there is a variety of methods 
studied and the problem of classifying them and decide 
which one to used to a particular problem is present. In 
speech processing there are various forms of oscillators 
and nonlinear predictors, the latter are part of the more 
general class of nonlinear autoregressive methods. The  
oscillator and autoregressive techniques themselves are 
also closely related since a nonlinear autoregressive 
model in its synthesis form becomes a nonlinear 
oscillator if there is not an  input applied. In this paper 
the nonlinear autoregressive models are used. For the 
practical design of a nonlinear autoregressive model, 
various approximations have been proposed [6]. These 
can be split into two main categories: parametric and 
nonparametric methods [7], and recurrent neural 
networks [8]. 

2.1. Nonparametric methods  

Nonparametric nonlinear autoregressive methods 
are important for the nonlinear  speech processing. 
Example of this is Lorenz’s method of analogues [9] 
which can be  considered as the simplest of the several 
nearest neighbor methods [6,10]; it also includes 
nonlinear predictive vector quantization [11] and 
codebook prediction [12]. The Lorenz model is defined 
in (1).  The three parameters are configured as typical 
values. 
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A time series of a total 10000 data points is 

generated with initial values x (1) = 1, y (1) =2, z (1) = 
11.005 and ∆t = 0.01 by the fourth-order Runge-Kutta 
method. The first 2000 data points are discarded to 
remove transient trajectories. The parameters for the 
experiments are: embedding dimension 3-10; time delay 
1; number of surrogate 6; number of nearest 4. In (1), y 
(t) contains the function for the signal. In this case the 
signal is speech syllables taken form the recording of 
digits in Spanish. 

3. Discussion 
The validity of the Trajectory Directions 

Measurement (TDM) with Lorenz mo d e l  method is 
well founded by previous work  experiments [9]. In 
this section, experiments are conducted to detect the 
evidence of determinism in Spanish syllables. Voiced 
and unvoiced phoneme combinations from digit 
syllables, were recorded trough an acquisition system 
into a PC. 

To find a proper embedding delay, the average 
mutual information is calculated for each selected 
phoneme [12].  Fig. 1 to 8 shows the result of the TDM, 
solved in Mathematica, for 4  selected S p a n i s h  
s y l l a b l e s  i n  a  ma le and a female speaker. The 
syllables considered were  /ce/, /cho/, /cin/ and /dos/.  
The first minimum of the mutual information can be 
found at about six for these eight syllable analysis. 
 

 

 
 

Fig. 1. Attractors for syllable “ce”, male speaker 
 

 
Fig. 2. Attractors for syllable “cho” , male speaker 

 

 
 

Fig. 3. Attractors for syllable “cin”, male speaker 
 

 
Fig. 4. Attractors for syllable “dos”, male speaker 

 
The attractors surrogates of each syllable are 

generated to firstly have a visual inspection of how 
different they are in the phase space. Interesting 
differences can be observed from Fig. 1 to 8 with the 
original attractors and one of the surrogates. The 
parameters for the experiments are defined as follows: 
embedding dimension 3-20; time delay 6; number of 
surrogate 12; number of neighboring trajectories 4; 
randomly selected query points 400. 
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Fig. 5. Attractors for syllable “ce”, female speaker 

 
 

 
 
Fig. 6. Attractors for syllable “cho”, female speaker 

 

 
Fig. 7. Attractors for syllable “cin”, female speaker 

 

 
Fig. 8. Attractors for syllable “dos”, female speaker 

 
 
For each selected syllable, the curve of the TDM 

value is clearly distinguishable from its corresponding 
12 surrogates. This indicates an existence of 
determinism in those selected structures where the 
voiced sound is stronger, suggesting a potential 
application of nonlinear local prediction with vowels for 
speech processing.  Actually this result is also consistent 
with the fact that each of vowels has a distinct 
structure in the reconstructed phase space. 

The mixture of TDM values of the attractor time 
series and its surrogates indicates that there is no 
evidence showing an existence of determinism in either 
voiced or unvoiced attractor example. This suggests that 
these two attractors are generated from a stochastic 
process and no chaos exists in the attractor syllable 
production, although it generates a  random-like time 
series. 

 

4. Discussion and Conclusions 
This paper presents how to detect determinism in a 

time series by a statistical direction measurement of 
neighboring trajectories. Determinism is detected  by 
identifying  whether  the  TDM  value  of  the  original 
time series is significantly different  with  that  of  its 
surrogates.  It should be mentioned that evolvement 
analogue of neighboring trajectories in a deterministic 
time series actually is a cornerstone of nonlinear local 
predication [11, 12], in which prediction is given by 
averaging or linearly fitting the coordinate of nearest 
neighbors. The TDM approach interprets this analogue 
by a statistical measurement of one-step flow direction 
of neighboring trajectories. The local linear prediction 
error can also be used as a discriminating approach for 
the surrogate data method for determinism detection [8]. 
However, the TDM approach has the advantage of 
providing a picture of the flow   structure of 
neighboring trajectories in the phase space. 
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