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Abstract. The study of dynamic aspects of speech production in Por-
tuguese is very important to characterize vowel nasalization. In this con-
text, the analysis of velum movement remains a challenging task and
only a few studies present articulatory descriptions of Portuguese nasal
vowels.

Advances in real-time MRI (magnetic resonance imaging) allow the ac-
quisition of vocal tract images with reasonable spatial and temporal res-
olution to enable observation and quantification of articulatory move-
ments. The resulting data consists of large image sequences and the
structures of interest (e.g., oral cavity) have to be identified (segmented)
throughout to enable analysis which can be a time consuming task.

This article presents a segmentation tool for real-time MR image se-
quences of the oral and nasal cavities. The proposed tool has been im-
plemented using MevisLab and provides features for the analysis of the
resulting data.

1 Introduction

Vowel nasalization is one of the most important features of Portuguese language.
It has five nasal vowels [5̃, ẽ, ı̃, õ, ũ] (e.g., “cantar” (“to sing”)) and several nasal
diphthongs (e.g. “cão” (“dog”)). The production of a nasal vowel involves flow
of air through both the mouth and the nose. The access for the airstream to
the nasal passages is controlled by the position of the velum: to put it simply,
when the velum is lowered and the velopharyngeal port is open, the airstream
escapes through the nose and the sound is nasal; oral sounds are produced with
the velum raised, so that the access to the nasal cavities is blocked.

Several studies on Portuguese nasal vowels revealed that the initial segment
of the nasal vowel is basically oral or slightly nasalized and the nasality increases
progressively over the vowel’s duration [1, 2]. Many researchers also took notice
of the emergence of a final consonantal segment (“nasal tail”) after the nasal
vowel, essentially in preconsonantal contexts (e.g. “campo” (“field”)) [3–6] and
less often in final position (e.g. “fim” (“end”)) [7]. Teixeira et al. [8] highlighted
the importance of velar dynamics in the perception of synthesized nasal vowels.



In this sense, the study of dynamic aspects of speech production in Por-
tuguese is of the utmost importance. However, the analysis of velum movement
is a very challenging task and the few recent studies that have provided articu-
latory descriptions of Portuguese nasal vowels had several limitations: some of
them concern Brazilian Portuguese varieties [3]; in general, data come from a
small number of speakers and contexts [9, 6]; articulatory techniques used, such
as EMA [9, 6] or fiberscope [3], are quite invasive; EMA only provides dynamic
information of a few points across time [9, 6]; and static MRI allows complete
visualization of all the vocal tract organs but does not provide dynamic infor-
mation. [10, 11].

Recent advances in MRI technology have allowed real-time images of the
vocal tract with reasonable spatial and temporal resolution in a non-invasive
manner. These advantages make real-time MRI suitable for the observation and
quantification of articulatory movements, as well as visualization of the vocal
tract shape. Considering that such dynamic studies result in a large amount of
data (images), systematic (and not very time consuming) methods should be
devised to process it in order to extract relevant articulatory features such as
areas of oral and nasal cavities, volumes and distances. Most of the times, the
first approach should provide a quick insight, allowing exploration of the data
set, which will then guide new lines of work (and, eventually, more elaborate
data analysis). Furthermore, the developed tools should be adequate for users
with different backgrounds (e.g., linguists and radiographers).

We present a segmentation method for the oral and nasal cavities from real-
time MR image sequences providing a fast processing of the whole image se-
quences in 2-3 minutes. The method was developed in MeVisLab and provides a
graphical user interface which works as a frontend to the implemented processing
network. Some simple analysis features are also provided.

This article is organized as follows: section 2 describes data collection; in
section 3 the segmentation method is presented followed by a discussion of its
application to several image sequences. Finally, section 5 presents some conclu-
sions and ideas for future work.

2 Data Collection

2.1 Corpus and Speakers

Data was acquired for a female speaker, aged 33, phonetically trained, with no
history of hearing or speech disorders. Each image sequence was acquired while
the subject was saying nonsense words containing the five European Portuguese
(EP) nasal vowels in three prosodic conditions: word-initial, word-internal and
word-final (e.g. “ampa, pampa, pan”). The nasal vowels were flanked by the bil-
abial stop ([p]) or the labiodental fricative ([f]). Each stimulus set was prompted
orally by one of the experimenters over the intercom system.

Audio was recorded simultaneously with the RT-images inside the MR scan-
ner, at a sampling rate of 16000 Hz, using a fiberoptic microphone.



Fig. 1. From left to right: mid-sagittal plane depicting orientation of the oblique plane
used during acquisition, sample oblique plane showing the oral and nasal cavities and
image sequence details.

2.2 Image Acquisition

The MRI experiment was carried out in a Magnetic Resonance Imaging Unit
at Coimbra (Institute of Biomedical Research in Light and Image). The im-
ages were acquired on an unmodified 3.0 T MR scanner (Magneton Tim Trio,
Siemens, Erlanger, Germany) equipped with high performance gradients (Gmax
= 45mT/m, rise time = 0.2s, slew Rate = 200 T/m/s, and FOV = 50 cm). A
custom 12-channel head and 4-channel neck phased-array coils were used for data
acquisition. Parallel imaging (GRAPPA 2) together with magnetic field gradi-
ents operating at FAST mode were used to speed up the acquisition. An MRI
screening form and informed consent was obtained before the study to comply
with security and ethics rules. The subject lay supine in the MR scanner, while
producing the stimuli and wore headphones to protect the ears from the noise.

After localization images, a T1 W 2D-coronal oblique MRI slice was taken at
the velum, using an Ultra-Fast RF-spoiled Gradient Echo (GE) pulse sequence
(Single-Shot TurboFLASH), with a slice thickness of 8 mm and the follow-
ing parameters: TR/TE/FA = 72ms/1.02ms/5o, Bandwidth = 1395 Hz/pixel,
FOV(mm2)= 210 x 210, reconstruction matrix of (128 x 128) elements with 50
% phase resolution, in-plane resolution (mm2) = 3,3 x 1,6, yielding a frame rate
of 14 images/second. The acquisition of each sequence took about 5 seconds,
resulting in 75 coronal oblique images. A previously obtained sagittal slice was
used to better determine the orientation of the oblique slice.

Figure 1 provides details concerning the acquired image sequences depicting
the oblique acquisition plane and the location of the oral and nasal cavities.

3 Image Segmentation

Selected frames from one of the acquired MR image time sequences were pre-
viously segmented using a Live-wire [12] based approach with a radiographer
identifying the contours of the oral and nasal cavities for each frame individu-
ally [13] which is a time consuming method if applied to the whole sequence.

Our main goal was to provide a quick segmentation of the image sequences
in order to allow easier exploration of the image data.



Fig. 2. Different frames depicting the segmented oral and nasal cavities.

A description of the devised method and its implementation are provided in
what follows.

3.1 Method

One important aspect concerning the obtained images is that, for each time
sequence, the subject keeps the same head position throughout the acquisition,
which results in spatial coherence between frames. Therefore, the oral and nasal
cavity are located in the same region in every image. Our main idea was to
explore this characteristic in order to speed segmentation of both oral and nasal
cavities for the 75 images in each sequence.

A region growing method was used defining a 4D neighbourhood for the
seeds, considering spatial coordinates and time. This allowed that with a small
number of seeds (depending on the number of times each cavity completely closes
during the sequence, which stops the region growing) each of the cavities could
be segmented.

Segmentation starts by the oral cavity. The user has to position a seed inside
the oral cavity, desirably in a frame where the cavity is well defined (or has a
considerable size), since this allows to position the seed in a region with a clearly
low intensity, a proper initialization for the region growing. The intensity interval
for the region growing can be tuned for each image sequence but a value around
6% has provided good results overall.

The nasal cavity is segmented using a similar method to the one used for the
oral cavity. Since the nasal cavity is generally smaller than the oral cavity (and
not as clearly hypo-intense), defining a suitable seed might not be as easy. This
might result, for example, that the region growing overspills to the oral cavity. To
tackle this problem the allowed intensity interval for the region growing might be
narrowed but this often results in a poorer segmentation overall when, most of the
times, the problem arises only due to one or two time frames. Therefore, before
nasal cavity segmentation the previously obtained oral cavity segmentation is
masked with a high intensity value preventing overspill.

Figure 2 shows sample frames depicting the oral and nasal cavities segmen-
tations. For this particular case the user defined a total of six seed points: one
for the oral cavity (in frame 16) and five for the nasal cavity (in frames 0, 25,
28, 37 and 56).



Fig. 3.Module network built in MevisLab: 1) image loading; 2) region growing method;
3) image visualization and interaction (seed definintion) for each cavity; 4) oral and
nasal area presentation over time.

3.2 Implementation

The segmentation method was implemented using MeVisLab (MeVis Medical
Solutions, http://mevislab.de). This software tool allows building image pro-
cessing pipelines by connecting processing/visualization modules in a network.

Figure 3 shows the module network for the described segmentation method
encompassing modules for image loading, region growing management and image
visualization.

To access image viewing windows or changing parameters (e.g., intensity in-
terval for the region growing) the user just needs to double click the correspond-
ing module. Nevertheless, in order to provide a more user friendly experience,
since this tool will be used by users with different backgrounds (radiologists, lin-
guists, etc.), a simple graphical user interface has been designed gathering only
the relevant features for the segmentation tasks to perform. Figure 4 shows the
different aspects of the graphical user interface supporting image loading, seed
definition, output visualization and detailed analysis.

4 Results and Discussion

The segmentation method described above was applied to image sequences for
the different nasal vowels ([5̃, ẽ, ı̃, õ, ũ]) in [p] context. The segmentation was



Fig. 4. Simple graphical user interface, built in MeVisLab, to support oral and nasal
cavities segmentation. From top to bottom and left to right: panels for image load-
ing; segmentation of oral and nasal cavities; area curves visualization; and analysis of
subsets of frames corresponding to a specific sound.

performed in less than three minutes, for each sequence, including seed definition
and segmentation inspection. In general, five to seven seeds had to be defined
(usually one or two for the oral cavity and the remaining for the nasal cavity).

The segmentations allow the computation of oral and nasal cavity areas over
time. Figure 5 shows the area curves for the oral and nasal cavities for three EP
nasal vowels in different word positions.

Nasal area progressively increases over the vowel and decreases for the pro-
duction of the consonant ([p]), while for the oral area is precisely the opposite
(see figure 6). Regardless the vowel and its word position, nasal areas are con-
sistently smaller than the oral ones. If confirmed with more data and speakers,
this trend distinguishes Portuguese from other languages with nasal vowels in
their inventory of sounds, such as French [14]. Also, nasal areas are identical be-
tween the five different EP vowels, which is in agreement with a previous study
based on EMA data [15]. On the contrary, oral areas appear to vary with vowel
height. An oral/ nasal ratio can be computed from these areas, with important
implications for cross-linguistic investigations of vowel nasality.

Furthermore, as described earlier, sound was also recorded during image ac-
quisition. By analysing the sound files it is possible to match sets of frames to
specific sounds. For example, figure 6 shows the area curves for the oral and
nasal cavities while the subject was uttering the nasal vowel [5̃] in different word
positions (“ampa, pampa, pan”) in [p] context. Notice how the variation of oral
and nasal cavity areas are different for the different word positions specially for
“pan”.



Fig. 5. Curves depicting the area for the oral and nasal cavities for nasal vowels [5̃, ı̃,
ũ] in different word position in [p] context.

Fig. 6. Areas for the oral and nasal cavities corresponding to the nasal vowel [5̃] as in
“ampa”, “pampa” and “pan”.

5 Conclusions and Future Work

This article presents a segmentation method for MR time sequences of coronal-
oblique slices encompassing the oral and nasal cavities. The devised method pro-
vides a simple and fast computation of oral and nasal cavities areas and presents
the user with a line graph depicting their values over time. The simple graphical
user interface developed in MeVisLab provides a high level interface with the
module network showing only relevant windows and parameters. Considering
that the analysis of this time sequences might need to concentrate in specific
frames to isolate specific sounds (based on the analysis of the audio recorded
during image acquisition) a feature is also available to show only a subset of the
frames for comparison.

Expanding the corpus with data from additional speakers is fundamental to
account for inter-speaker differences and will provide stronger evidence for the
tendencies observed in the discussion. In this scenario the presented tool is an
important asset, allowing a systematic and fast approach to the resulting image



dataset. Data from additional speakers will also enable further validation of the
proposed segmentation method encompassing different aspects such as intra and
inter-observer variability.
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