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Introduction: 
- Estimating the area function of the vocal tract has been important in the context 
of works on 1) articulatory analysis [1], 2) speech synthesis, and 3) inverse map-
ping. 
 When 3D measurement was not available, researchers measured the mid-
sagittal distance from a 2D mid-sagittal image and infered the area function.
 In some cases, 3D measurement was available, but data corpus was substan-
tially limited because of the difficulty in MRI data collection.
 Area function estimation from 3D MRI data always involved tedious and time-
consuming manual slice rotation and segmentation of the air space. 
Proposed Work: 
We demonstrate good image quality from 8-sec scan during sustained speech 
and present a user-interactive and semi-automatic image analysis technique, 
which facilitates area function estimation with minimal user interactions. 
MRI Data Collection: 
- GE 3T HDst system, Commercial 8-channel neurovascular receiver coil
- Prospective 3DFT GRE [2], slice thickness = 8 cm, flip angle = 5°, FOV = 200 x 
200x100mm, Spatial resolution = 1.25 mm isotropic. Matrix size = 160x160x80
- Readout was along S-I, Phase encode along A-P, Slice encode along R-L.
- Variable density Poisson disc 7-fold undersampling. 
- Collected data on 15 native speakers of American English (2 or 3 rep of 33 
stimuli per subject), but in this work we processed just /IY/, /AA/, /UW/ stimuli 
from 1 male speaker. Scan time = 8sec per stimuli (sustained speech for 8sec). 
Image Reconstruction/Processing: parallel imaging and compressed sensing 
reconstruction, intensity correction & image denoising w/ anisotropic diffusion.
Gridline drawing: user selection of 4 anatomical landmarks, gridlines drawn au-
tomatically [3] (see Fig 1).
Slice Cutting and Image Segmentation: 3D volume rotation via affine transfor-
mation (rotation angle based on grid line orientation),seeded region growing for 
segmentation. Seed points were manually selected. 
Cross-sectional area and mid-sagittal width: Calculation based on the number 

Figure 1.   A snapshot of the proposed MATLAB graphical user 
interface. 
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Figure 3.   Area function (blue) and corresponding 
squared mid-sagittal width (red) measurements. 
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Figure 2.   Region growing segmentation results for sustained speech sounds. Segmented airways
overlaid onto cross-sectional airway images are shown from the glottis to the lips.

of segmented pixels and voxel size.
Results: 
The 3D MRI data provided excellent contrast between air and soft tissue facilitating extraction of 
vocal tract cross-sectional area via region growing segmentation. 
Region growing algorithm had some issues (see Fig 2): 1) region growing stopped before it reaches 
air-tissue boundaries, 2) “bleeding” was observed in certian slices near lateral cavities, 3) it failed in 
open region of the airway (e.g., lips).
Future work:
Will implement automatic identification of seed points. 
Will include automatic drawing of the midline for estimating vocal tract length and spacing the grid 
lines in more systematic way. 
Will use the 3D-MRI derived area functions for the analysis of 2D real-time MRI data [4]. 
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