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The performance of automatic speech recognition systems (ASR) is degraded by 

stress-inducing environments, such as those where noisy backgrounds, multi-tasking, 

fatigue, emotional situations, adverse physical conditions, and high workload stress are 

present. The study of speech under stress, also referred to as stressed speech, can help 

maintain and improve the robustness of speech recognition systems in these situations. 

The primary objective of this dissertation is to perform the classification of speech 

under stress based on a physical model. Presence of stress will cause speakers to 

change their physiological system to react and adapt himself to the stressed condition. 

Changes in physiological characteristics can result in variations in aerodynamics in the 

glottis and the vocal tract, and the stressed speech is produced. Therefore, a physical 

model is necessary to model airflow patterns in the physiological system in order to 

represent the process of speech production. An investigation on how physical model is 

used for classification of speech under stress (stress classification) is explored. This 

dissertation includes following objectives:   

イ) Explore the physical characteristics of the vocal folds during speech under stress and 

estimate the physical parameters of the vocal folds for stress classification (the first 

study); 



 

 

I. Explore the physical characteristics of the vocal folds during speech under stress 

and estimate the physical parameters of the vocal folds for stress classification (the 

first study); 

II. Explore the physical characteristics of both the vocal folds and the vocal tract for 

stressed speech and propose the effective physical parameters (the second study); 

III. Model the aerodynamics in the laryngeal ventricle and the false vocal folds, and 

estimate a parameter for classification of stressed speech (the third study); 

IV. Use different classifiers to perform classification and compare their performance 

(the fourth study);  

In the first study, a scheme for the classification of speech under stress based on a 

physical model is proposed. The physical model representing the speech production 

models the airflow patterns in the glottis and parameters derived from the model can 

characterize the behavior of the vocal folds during speech production. A method that 

fits a two-mass model to real speech is proposed in order to estimate the physical 

parameters representing muscle tension in the vocal folds, vocal fold viscosity loss, 

and subglottal pressure coming from the lungs. Furthermore, combinations of these 

physical parameters are proposed as features effective for the classification of speech 

as either neutral or stressed.  

In the second study, the characteristics of both the vocal folds and the vocal tract are 

taken into consideration. Methods for fitting a physical model to real speech in order to 

estimate the physical parameters of the vocal folds and the vocal tract are proposed. 

For the physical model, a two-mass model connected to a four-tube model is used to 

simulate the process of speech production. The physical parameters (stiffness, vocal 

tract length and cross-sectional areas of vocal tract) are estimated by fitting the model 

to real speech. Different cost functions are proposed to evaluate the estimated physical 

parameters and to compare classification performance. 



 

 

to real speech. Different cost functions are proposed to evaluate the estimated physical 

parameters and to compare classification performance. 

In the third study, we focus on variations in the aerodynamics of airflow patterns in the 

laryngeal ventricle and the false vocal folds for the classification of neutral and 

stressed speech. We modify the two-mass model to include the laryngeal ventricle, and 

the physical parameters characterizing airflow variations in the laryngeal ventricle 

under psychological stress are explored. The two-mass model is fitted to real speech to 

estimate a parameter representing the effective area of laryngeal ventricle. Experiments 

results show the estimated parameters are effective to separate stressed speech from 

neutral speech. 

In the last study, we present a comparison for classification performance of speech 

under stress based on the use of different classifiers. Physical features are modeled 

using a linear classifier, a Gaussian Mixture Model (GMM), and Support Vector 

Machine (SVM), respectively.  

Based on the evaluation experiments for the physical parameters, physical features 

represented by the proposed method are compared with traditionally used features. 

Results demonstrate an improvement in stress classification performance, which shows 

that the proposed method is more effective than conventional methods. Comparing the 

different parameters used to represent the vocal tract, which are effective under the 

vowel-dependent condition, we conclude that the vocal fold parameters are more 

important for stress classification. In addition, we determine that the parameter 

characterizing variation in the airflow patterns in the laryngeal ventricle and the false 

vocal folds can also be used to achieve better classification performance.  

 

 



 

 

 

Current areas in which the proposed methods could be applied include detection of 

psychological suppression from workload detected in the voice of victims during remittance 

fraud scams. Also, they could be used for detection of stress in the voices of drivers, 

resulting in improved driving safety. However, uses of this technology are not limited, and 

could be extended to improving emotional speech recognition. Our proposed method may 

be combined with other methods to achieve better speech recognition performance in 

various different stressful environments. 

 

 


