
frequency bands and inflated variability, which are 
discussed separately. 
 
���$o(#al!0a*!o$� Magnitude of �
-correlation, relative 
interquartile range and 
�d!)*a$c� are larger for 
variable-rate features of shimmer than for variable-rate 
features of jitter that share the same relative cut-off 
frequency (Tables 3 to �). The normalization by the 
average cycle length �� indeed reduces the excess 
variability owing to ��-rate sampling. This explanation 
is confirmed by the distinctive properties of Localabs, 
which�lacks�that�normalization (Tables � and �). 
 As a rule, the purpose of normalization is to cancel 
incidental differences between signals or corpora. ��-
normalization of variable-rate features is indeed 
beneficial because of a weakness in signal processing. 
��-normalization of fixed-rate features, however, may 
disguise a genuine physiological dependence on vocal 
frequency. 
 

�a*+(��*/&!cal ,) ac*+al &�(*+(�a*!o$ �(�'+�$c/ 
�a$d)� The frequencies of jitter and shimmer, which 
are similar, have been estimated by counting 
unidirectional zero-crossings in the jitter or shimmer 
time series after re-sampling at a fixed rate. The 
frequencies of jitter are summarized in Table 2 (top, 
right) together with the analog cut-off frequencies of 
the PRAAT features (bottom). 

Table 2 shows that the #�d!a$ analog cut-off 
frequencies of feature APQ11 are lower than 20Hz. 
This means that APQ11 includes flutter and therefore 
overestimates shimmer. Conversely, the #�d!a$ analog 
cut-off frequencies of RAP and APQ3 are higher than 
the #�d!a$ frequencies of jitter. This means that RAP 
and APQ3 may miss half of the frequency band of the 
actual perturbations and therefore underestimate jitter 
and shimmer. The mismatch between frequency bands 
is also noticeable in Localjit and Localshim for high-
pitched voices. 
 One may conclude that the frequency bands of 
PRAAT features do not match the actual frequency 
bands of jitter or shimmer. This mismatch, however, is 
not passed on pro rata to the feature values because 
actual differences in size are masked by unequal 
feature gains (Table 1). Also, the mismatch is made 
worse by ��-rate sampling because a match at low �� 
may turn into a mismatch at high �� or vice versa.  
 
�a(!a�l��(a*� ,) �!.�d�(a*� ��a*+(�)� Intra-corpus 
variability and magnitude of correlation with �� are 
expected to be lower for fixed-rate features because of 
the absence of the inflation of the variability owing to 
��-rate sampling. This is confirmed for corpora Pool�d 
and Lo, but not for corpus �! (Tables 3 and �). Possible 
explanations are the low intrinsic �
-variability of 
corpus �! and the discrepancy, which is largest for 

high-pitched voices, between the frequency bands of 
variable-rate and fixed-rate features, together with a 
mis-representation owing to ��-normalization, of the 
correlation with �� of fixed-rate features (Table 2). 

 
Table � shows the relative distance in number of ranks 
between variable-rate and fixed-rate features. The 
�
d!)*a$c� appears to evolve with the relative cut-off 
frequency and decreases with ��-normalization. 
 Irrespective of the value of the distance between 
variable-rate and fixed-rate features, the merit of fixed-
rate features is that they report the actual size of 
perturbations sampled at a fixed rate in a frequency 
band that covers the actual frequency band of jitter and 
shimmer. The expected benefit is the ease of the 
numerical or perceptual interpretation.  
 

V. CONCLU*ION 
 
The shortcomings of popular variable-rate features 
consist in the mismatch between the frequency bands 
of the features and the actual frequency bands of jitter 
and shimmer. This mismatch evolves with the vocal 
frequency. Any disparity between frequency bands is 
not relayed pro rata to the feature values because 
unequal feature gains mask the actual size of the length 
or amplitude perturbations. The excess variability &�( 
)� owing to ��-rate sampling appears to be more 
readily observable in corpora with a large intrinsic ��-
variability and in features that are not ��-normalized. 
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       
       
      
 
        
        
         
         
      
      
     
      
       
      
    
       
       
    






         
        




)LJ���*UDSKLFDO8VHU,QWHUIDFHIRUYRZHOV\QWKHVLV�

        
    :hen the “Synthesi]e 
9oZel” button is pressed, the G8I selects formant

      
       
        
      

         
       
       
    
      
       
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  



  


      
   �/i/, /ɪ/, /e/, /ɛ/, �ɝ�� /æ/, /ɑ/, /ɔ/, 
/o/, /ʊ/, /u/




)LJ� �� )��)�SODQH IRUPDOH VSHDNHUV LQ WKHGDWDVHW�(DFK
PDUNHU UHSUHVHQWV D GLIIHUHQW YRZHO� 7KH UHG PDUNHU
LQGLFDWHVWKHV\QWKHWLFDOO\JHQHUDWHGYRZHO�






7DEOH��0HDQDQGVWDQGDUGGHYLDWLRQ�LQ+]�RIIXQGDPHQWDO
IUHTXHQF\�)��DQGIRUPDQWV�)�–)��IRUIHPDOHDQGPDOH
VSHDNHUV�

]  
 � �
 � �
 � �










     
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Abstract: This paper presents a finite ele-

ment model of vocal fold dynamics with muscle

activation-dependent parameters. The geometry is

parametrized analogously to lumped-parameter for-

mulations, capturing how intrinsic laryngeal muscle

activations affect vocal fold length and layer depths.

Elastic properties are modeled as polynomial func-

tions of muscle activation, and the polynomial coeffi-

cients are identified from data of modal frequencies

as functions of activation. The approach provides a

simple yet extensible framework that bridges the gap

between lumped and highly detailed finite element

models, making it well suited for characterizing vo-

cal fold dynamics when activation-dependent data

are available.
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ment Method

I. INTRODUCTION

Vocal fold (VF) vibration arises from the interplay
between tissue mechanics, aerodynamics, and neuro-
muscular control [1]. A central challenge for modeling
is to capture how intrinsic laryngeal muscle (ILM) ac-
tivation alters tissue stiffness, mass distribution, and
geometry, thereby shaping vibratory modes and eigen-
frequencies. Ex-vivo and in-silico studies have shown
that ILMs regulate both posture and the natural fre-
quency of oscillation [2–4]. Modeling approaches range
from lumped-element representations [5], where muscle
activity is mapped into effective stiffness or mass coef-
ficients, to highly detailed finite element (FE) models
of the VFs [6, 7]. Lumped models are computationally
efficient and insightful but lack spatial resolution, while
detailed FE models capture anatomy more realistically
but at the expense of complexity and computational cost.

Prior studies have incorporated ILM control into FE
laryngeal models from MRI data for canine [8] and hu-
man larynges [9]. These models have been used to ana-

lyze the influence of cricothyroid and thyroarytenoid ac-
tivation on pre-phonatory posturing and glottic dynamics
[10], and investigations of vibration mode changes under
biomechanical variations [11]. These high-fidelity mod-
els have embedded the laryngeal muscles by modeling
the entire tissue and cartilage structure of the larynx, and
thus are computationally expensive.

In this work, we propose a method that represents
ILM activation in FE models without requiring a full
anatomical description of the larynx, while also estab-
lishing a connection to existing approaches in lumped-
element models. The VFs are represented with a finite
element model whose geometry is parameterized anal-
ogously to established lumped-element rules, reflecting
the antagonistic actions of the cricothyroid (CT) and
thyroarytenoid (TA) muscles.

Elastic properties are modeled as polynomial func-
tions of muscle activation, with coefficients identified
from data of modal frequencies as functions of acti-
vation. This formulation allows activation-dependent
variability to be systematically incorporated without re-
quiring detailed tissue-level characterization. The pro-
posed finite element model is constructed using a port-
Hamiltonian representation due to its structured formu-
lation and its ability to incorporate additional effects
in an energy-consistent manner [12–14]. The present
contribution therefore introduces a practical framework
that balances interpretability, extensibility, and computa-
tional simplicity, paving the way for systematic charac-
terization of activation-dependent vocal fold dynamics.

II. METHODS

A. Lumped-parameter model

The lumped-parameter model is described as the in-
teraction of three coupled masses corresponding to the
body and the cover layer of the VF [15]. The main ge-
ometric dimensions considered in this model are the VF

1


