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ABSTRACT 
 
Nowadays magnetic resonance imaging (MRI) technique 
has been widely used in speech production research since it  
acquires high spatial resolution data of vocal tract shape 
without any known harm of radiation. However, it would be 
time consuming and expensive to establish an overall 
articulatory database using MRI technique due to its low 
temporal resolution and the large expense of the MRI 
equipment. In this study, we propose a method to interpolate 
tongue shapes between static vowels to acquire dynamic 
tongue shapes. Firstly, a set of parameters is extracted to 
control tongue shape based on Active Shape Model (ASM). 
Then, control parameters are interpolated to synthesize 
dynamic tongue shapes from static vowels’ articulation. To 
evaluate the method, a set of key points were chosen from 
both the MRI images and the synthesize tongue shapes. 
Results suggested that the dynamic properties of these key 
points from the synthesized tongue shapes resemble those of 
the actual dynamic tongue shapes. 
 

Index Terms—MRI, Active shape model, PCA 
 

1. INTRODUCTION 
 

Speech is the vocalized form of human communication. In 
order to study the mechanism of speech production, several 
techniques have been used to acquire movement of speech 
organs. The earliest used technology and still being used by 
many researches in speech production is X-ray (Fant, 
1970)[1]. The main disadvantage of X-ray is the radiation, 
which is not safe to subject. Besides, the contours of X-ray 
images are very vague, which makes it difficult for 
automatic edge detecting.  

Electromagnetic articulography (EMA) is also a widely 
used technology in speech production (Perkell et al., 1992; 
Dang et al., 2009)[2][3]. Due to its high temporal resolution, 
it is good for tracking the movements of speech organs. But 
it’s not suitable for extracting area functions because it can 
only provide a few sensors’ location. 

Magnetic resonance imaging (MRI) is widely used in  

speech production field and it is so far the best choice of 
acquiring high spatial resolution data of vocal tract shape. 
Baer (1991) firstly used MRI to measure the detailed vocal 
tract shape[4]. However, it would be time consuming and 
too expensive to establish an overall articulatory database 
using MRI technique due to its bad temporal resolution and 
the large expense of the MRI equipment.  

This study aims to synthesize dynamic tongue shapes 
from static tongue shapes. Active Shape Model (ASM), 
which is proposed by Cootes and Taylor in 1995, describes 
the image shape of object of interest by obtaining a 
statistical shape model in examples from a training set 
(Cootes, 1995)[5]. By using ASM, we can train the tongue 
shapes and then presentate a tongue shape through only a 
parameter vector. At the same time, it is easier to interpolate 
in figures than in pictures for our experiment. We trained a 
set of parameters to control the tongue shape based on 
Active Shape Model (ASM) and then interpolated control 
parameters to synthesize dynamic tongue shapes. To 
evaluate our method, a set of key points were chosen from 
both the MRI images and the synthesize tongue shapes. 

This paper is organized as follows: the second section 
introduces the proposed method for interpolating tongue 
shapes; the third section describes our experiment and 
results analysis and then follows the conclusion in section 4. 
 

2. METHODS 
 
2.1 MRI database of Mandarin speech production 
 
The Chinese Mandarin MRI database is the first systematic 
3D vocal tract database for Chinese. It covers static 3D MRI 
volumetric images of 10 static vowels and 10 sustained 
consonants, dynamic 2D data of 54 syllables and 15 
retroflex, and two set of dynamic 3D data of 5 syllables. 6 
male and 2 female Chinese native speakers participated in 
the experiment. It contains more than 100,000 images and 
can provide considerable information of vocal tract for 
analyzing the detailed morphological characteristics of 
Chinese Mandarin. The MRI images of a male subject are 
used in this study. 
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2.2 Active Shape Model 
 
Active Shape Model(ASM) has been proved great 
promising for automatically tracking objects from images. 
ASM was developed by Cootes and Taylor in 1995, which 
is a statistical point distribution model(PDM)[5]. The shapes 
are constrained by the PDM (point distribution model) 
Statistical Shape Model to vary only in ways seen in a 
training set of labeled examples. The shape of an object is 
represented by a set of points (controlled by the shape 
model). The ASM algorithm aims to match the model to a 
new image. The technique has been widely used to analyze 
images of faces[6], mechanical assemblies and medical 
images (in both 2D and 3D). 

An ASM describes the image shape of object of 
interest by obtaining a statistical shape model in examples 
from a training set. ASM minimize the difference between 
the synthesized image from the model and an unseen image 
by tuning the model parameters, when it is applied to image 
interpretation or segmentation[7].  

The ASM was built in following steps. Before 
implementing ASM, tongue contours on the mid-sagittal 
MRI images are manually annotated for both static vowels 
and vowel-vowel (VV) sequence. All this manually labeled 
images make up the training set. Figure 1 showes the 
manually marked tongue contours. In the training set, each 
tongue contour is described by n evenly distributed points. 
We define xi=(x1,x2,…,xn,y1,y2,…,yn ) as the i-th contour, 
where (xk, yk) is the coordinates of the k-th point. 
 

 
 

Firstly, We calculate the covariance matrix of the 
adjusted shape vectors. The covariance matrix is defined as 
follows: 
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Where ݔҧ is the mean shape of all the vectors in the training 
set[5]. 

Secondly, we calculate the eigenvalue sequence of S= 
(λ1,λ2，λ3,λ4,λ5,λ6）Where 1i+≥ λλi , andλi，i= 
1,2,…l; We choose the first t eigenvalues under the 
following conditions 
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Then we calculate the corresponding eigenvector of the 
first t ߣ௜ to make up P, recording as P = (p1, p2). 

After we get the mean shape vector ݔҧ  and the 
eigenvector P of the training set, our tongue shape model 
can be expressed as x = ݔҧ+Pb。So we can get an unique b 
vector of a certain shape through the known model, 
b=(b1,b2,b3,b4,b5,b6); At the same time, if we have a known 
b, we can also get an unique tongue shape. 
 

3. EXPERIMENTS AND RESULTS 
 

3.1 Initialization of the MRI pictures and tongue labeling 
 
In our experiment, the training set totally contains 90 mid-
sagittal MRI figures, which was composed of different static 
and dynamic articulation tongue shape. A total 40 points 
represent each contour of the training set. Because the 
dynamic tongue coordinate values were different from the 
static ones and ordinary method can mix the jaw movement 
characteristics in the tongue deformation ， initialization 
process, like translation, became very important. We chose a 
certain fixed point of the lower jaw as origin to establish a 
new coordinate system.  In this standard system, we marked 
totally 90 tongue shapes, every contours was replaced by a 
shape vector x of 40 points. The example is followed: 
 
3.2 PCA analysis of the training set 
 
After we get the training set, we conduct the PCA analysis 
to get the basic parameters for following model and 
calculate the mean shape. The result was shown in Table 1. 
 

Table1. The contribution of first six factors 
 

λ Eigenvalue Percentage Accumulated 
percentage 

λ1 3669.78 62.79% 62.79% 
λ2 618.95 10.59% 73.38% 
λ3 532.26 9.11% 82.49% 
λ4 286.79 4.91% 87.40% 
λ5 194.49 3.33% 90.73% 
λ6 135.92 2.33% 93.05% 

 
 

 
 
Figure 1 The marked tongue contour on mid-sagittal plane. 
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3.3 Interpolation synthesis 
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3.4 Performance evaluation 
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4. CONCLUSIONS 

 
In this study, we proposed a method to synthesize dynamic 

 vocal tract shapes. We trained a set of parameters to control 
tongue shape based on ASM and then interpolated control 
parameters to synthesize dynamic tongue shapes. To 
evaluate our method, a comparison was carried out between 
the key points choose from the synthesize tongue shapes and 
the actual MRI dynamic images. The dynamic properties of 
the synthesized tongue shapes quite resembled the actual 
tongue movement. We can conclude that our method is an 
feasible way to get dynamic tongue shapes From static data.  
In the future, we will try to improve the accuracy of out 
method. 
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Fig.5. the first row shows the first error we explained in our paper, 
where the red lines present the static pronounce tonugue shape, 
while the blue lines present the dynamic ones. The second row 
shows the second one, where the red shows the result of six 
factors. 
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Figure 4. The y coordinate value tendency comparison of our 
synthesis data and original dynamic tongue shape, the point 
order is the same as figure3 
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