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ABSTRACT  

 
To explore the sound source locations of the 
consonant usually represented as [h], we extracted the 
vocal tract and glottal geometries from magnetic 
resonance imaging (MRI) scans of a Japanese male in 
three contexts [ha], [he], and [ho], and physically 
measured the sound produced by the vocal tract 
replicas set on the rigid vocal fold models with 
different degrees of adduction. The results showed 
that the sound amplitudes of vocal tracts with open 
glottis were in the similar range to those with the 
adducted 3 mm glottal opening in the contexts of [ha] 
and [he]. In contrast, the sound amplitudes were 
significantly decreased by the abducted glottis in the 
context of [ho]. These results indicate that the vocal 
tract constriction mainly produces the sound sources 
of [h] in the context of [ha] and [he], whereas the 
glottal constriction mainly produces the sound 
sources of [h] in [ho].  
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1. INTRODUCTION 

Fricative consonants are known to be realized by 
producing turbulent jet flows in a vocal tract. The jet 
flow is produced at a constriction in the vocal tract, 
and the position of the constriction is commonly 
called the place of articulation. While most of the 
fricative consonants are realized by forming the 
constriction in the oral tract, the glottal fricative [h] is 
known to show no clear place of articulation in the 
tract. Therefore, the glottal fricative is often described 
as a voiceless counterpart of the following vowels [7]. 

After the major revision of the IPA chart in 1989, 
there was much discussion on the manner of 
articulation of the glottal consonants. Some 
researchers argued that the turbulent airflow passing 
through the oral cavities produces the sound of [h] 
and those should be removed from the consonant 
chart [5-6], while others argued that there is obvious 
glottal constriction in some languages and [h] should 
be listed as the glottal fricative [8]. The recent review 
of phonetics [2] commented that this discussion is far 
from settled, and the IPA chart is expected to be re-
examined in a few years’ time. 

From a point of view of acoustics or fluid 
dynamics, the acoustic characteristics of [h] have 
been theoretically analysed by Stevens [11-12]. 
Based on some assumptions on the vocal tract and 
glottal configurations (i.e., cross-sectional areas), 
Stevens predicted that the spectral characteristics of 
[h] keep the same formant characteristics of following 
vowels, while the amplitudes of lower frequency 
ranges (around F1 to F4) decreases due to the 
difference of sound source characteristics between 
the turbulent airflow and glottal voice source. 
Although he additionally showed the effects of the 
vocal tract constriction on the acoustic characteristics, 
it is still unclear whether the main sound source of [h] 
is located near the glottis or in the oral cavity because 
no measurement data was provided regarding the 
vocal tract geometry of speakers pronouncing [h]. 
One attempt for measuring glottal openings using 
glottal electromyography (EMG) in [h] also lacks 
information of the vocal tract constriction [16], and 
the location of the sound source was not discussed.  

 Therefore, in this study, we explore the sound 
source locations of [h] by utilizing a recently 
developed MRI database. By extracting three-
dimensional vocal tract geometry and conducting 
mechanical experiments, we clarify the effects of the 
glottal and oral vocal tract constrictions on the 
acoustic characteristics of [h] in various contexts. 

2. MATERIALS AND METHODS 

2.1. Vocal tract acquisition 

The three-dimensional vocal tract geometry of [h] 
was obtained as a side product of the construction of 
the real-time MRI articulatory movement database 
[9]; the three-dimensional static MRI scans of 
selected phonemes were recorded for some 
participants.1 The subject of this study is an adult 
male who speaks Tokyo Japanese, and he sustained 
[h] for 15 s in three phonemic contexts: /ha/, /he/, and 
/ho/. Since /hi/ and /hu/ in Japanese are known to be 
realized as [çi] and [ɸɯ] [13-14], we excluded these 
contexts in this study. The image dimensions were set 
to 256 × 256 × 28 and the voxel spacing became 1× 1 
× 3 mm3.  

The vocal tract geometry above vocal folds was 
extracted based on luminosity values using the 
software itk-SNAP [17]. The mid-sagittal planes of 
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