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Research content and purpose 

In public announcements in train stations or airports, the presence of noise often smears 

presented speech, thus makes it hard for listeners to understand it. By reducing noise 

throughout the presentation, speech is still intelligible and natural to listeners. However, 

this seems impractical due to complex architectures of these places and costly installed 

devices. Besides, it is practical and less expensive to enhance speech itself before presenting 

to complement degradation in intelligibility and naturalness by the smears. 

Lombard speech is intelligible speech produced by humans in noise due to the 

Lombard effect. Investigation of Lombard speech could reveal essential features to increase 

speech intelligibility and naturalness. Therefore, the purpose of this research was to improve 

the intelligibility and naturalness of speech in noise using conversion rules inspired by the 

Lombard effect. It came up with two sub-goals: (I) obtaining feature understanding and 

control which contributes to the intelligibility of Lombard speech under noise-level-varying 

and various noise and (II) identifying and applying the effective feature control methods 

for exceeding the intelligibility and naturalness of Lombard speech. From the previous 

research and the properties of Lombard speech that varies with noise levels and noise types, 

three problems arose to cover the search space (features, noise levels, feature variations, 

SNRs, and spectral-varied noise) for finding features and applying them. 

(1) Contribution of acoustic features of Lombard speech has no consideration of their 

articulatory features at one noise level: For this problem, the modification of acoustic 

features of Lombard speech was often done without any considering the articulatory 

changes or challenging to be obtained in acoustical levels. The multiple contributions of 

the features to the intelligibility and naturalness were unclear. 

(2) Control and contribution of acoustic features of Lombard speech in multiple noise 

levels of backgrounds: In this problem, acoustic features contributing to Lombard speech 

in various noise levels were difficult to be modeled and controlled by the conventional 

methods. 

(3) Unclear effective features to the intelligibility and naturalness of speech varying 

noise levels and various types of noise: This problem followed the second problem. Acoustic 

features, when varying that contribute to the intelligibility of speech in noise, remained 

unclear. Recent studies differently reported effective features for the intelligibility and 

naturalness of speech in noise. Thus, the precise set of effective features was unidentified. 

 

 



 

 

Thus, the investigation has three steps: (1) Mimicking Lombard speech by controlling 

articulatory and acoustic features, (2) Effective features for the intelligibility and 

naturalness of speech in noise, (3) Application to improve the intelligibility of speech under 

noisy reverberant conditions. 

Following these steps, this study obtained the articulatory and acoustical controls in 

mimicking Lombard speech. The contributive features, including spectral tilts, 𝑓𝑜, and 

formants, were also explored in the first step. In the second step, the effective features for 

intelligibility and naturalness in all kinds of noise were identified. In the final step, the 

effective features were successfully applied to increase intelligibility and naturalness of 

speech under noisy reverberant conditions with a pair of effective time-frequency features. 

Consequently, the originality of this study was firstly the leading investigation of the 

contribution of articulatory features to the intelligibility of speech in noise. Secondly, it was 

mimicking Lombard speech under various noise levels. Finally, this study presented a brutal-

force method for extracting the effective acoustic features to vary to increase the intelligibility 

of speech in noise. Besides, the present study obtained novelty in two aspects. Firstly, it was 

the concept of applying rule-based methods and the Lombard effect model for the rule 

generation model to mimic Lombard speech concerning multiple noise levels. Secondly, it 

was the concept based on the modulation spectrum and modulation transfer function concepts 

in relationship with listening tests to identify the effective features to increase speech 

intelligibility and naturalness in noise.  

As a scientific orientation, this research can enlighten the fields of speech enhancements, 

objective intelligibility measurements, voice conversion, and synthesis. Especially, it provides 

essential, necessary information for the areas of speech enhancement engineering. 
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