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Introduction
We can visualize tongue movement using 
dynamic 2D ultrasound imaging

We can visualize tongue volumes 
using static 3D ultrasound imaging

But can we visualize dynamic 3D tongue 
movement with ultrasound imaging? 

Yes, we can!

Multi-planar paced sonography

Multi-planar Paced Sonography

– Yang & Stone (2002): Movement 
reconstruction from multiple B-mode 
ultrasound sequences. Time alignment 
was achieved with Dynamic 
Programming 

– Metronome-paced speech è Multi-
planar paced sonography 

Method: Materials

“I Wandered Lonely as a Cloud”
• Speakers recited last stanza in the poem (Wordsworth, 

1815)
• Chosen for its regular iambic beat (weak, strong// weak, 

strong…)

• Speech tempo paced with a digital metronome at 108 
beats/minute

• Passage recited at double time (two syllables per beat)
• Spoken on a single exhalation

Method: CHASE and Ultra-CATS

Head anchor with adjustable 
transducer holder

Measurement of tongue surface movement 
with the University of Toronto’s Ultra-CATS 
software
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Analyses
• Acoustic alignment

• Qualitative appraisal of tongue surface plots
• Cumulative distances

• Correlations

• Concavity

• Asymmetry 

• Anteriority

Results: Acoustic alignment

Results:  
Comparison of loudness models

Results:  
Comparison of loudness models

3D dynamic reconstruction with 
MATLAB

Results: Daffodils in Motion
Normal Speaker
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Results: Daffodils in Motion
Speaker with Partial Glossectomy 

Results: Cumulative distances 
Normal speakers

Female speakers Male speakers

Results: Cumulative distances 
Glossectomee Results: Correlations

Relationship between midline and lateral margins

Discussion (1)

• Good temporal alignment between 
repetitions

• Plausible 3D movement reconstruction
• Cumulative distances: 

– More movement in female than in male tongues 
(contradicts Simpson, 2002)

– Most active tongue in partial glossectomee G 
(cf. Rastadmehr, Bressmann, Smyth & Irish, 
accepted)

Discussion (2)
• In normal speakers, higher correlations 

between the lateral free margins of the 
tongue

• In glossectomee G, higher correlations 
between the operated side of the tongue and 
the midsagittal plane
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Conclusion

• Pros: 
– Potentially useful addition to the researh

methods in speech science and phonetics

• Cons: 
– Requires highly compliant research subjects

T o n g u e s  f r o m  t h e  4 t h d i m e n s i o n

4-D Ultrasound

• Captures volumes rather than 2D 
images (scan rate <10 Hz)

• Based on mechanical sector-
scanners. The motor speed limits 
the temporal resolution

• Pro: 
– Very elegant imaging of static 

speech sounds

• Cons:
– Analysis software not user-friendly 

for speech research 
– Price is out of range for speech 

scientistsGE VoluSon 730

Baby TV/ entertainment ultrasound

Philips iU22 Ultrasound System

• Parallel processing 
technology (x-STREAM) 

• Can perform over 250 
billion operations per 
second

Philips X3-1 Broadband Matrix 
Array Transducer

• 3 to 1 MHz adjustable frequency 
range 

• 2D Matrix phased array with 2,400 
crystal elements 

• Scanning speed is only limited by 
computational power and the speed 
of sound
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X-plane imaging

X-planes display 

• The x-planes can be tilted, elevated and rotated 
to visualize two live planes.

Live x-plane Subjects and materials

• Two female speakers I (33 years) and T (28 
years)

• Materials: 
– Golly

– It ran a lot (Yang & Stone, 2002)

– It rang a lot (Yang & Stone, 2002)

– The tide was nice and cool at shore 

Grooving and symmetry

• Both subjects showed similar overall patterns 
• Symmetry remained relatively constant 

• Grooving changed depending on the phonetic content

Correlations: Grooving

The higher and the more protruded the anterior 
tongue, the deeper the posterior groove, and the 

flatter the anterior tongue.
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Dynamic 3D volume imaging

Subjects and materials

• 5 female speakers 
– Only data from 2 speakers M (24 years) and F 

(23 years) reported here

• Materials: 
– Golly
– It ran a lot (Yang & Stone, 2002)
– It rang a lot (Yang & Stone, 2002)
– The tide was nice and cool at shore 

Volumetric Imaging of the 
Tongue

• Display in 7 parallel 
coronal slices using 
the QLab post-
processing software

QLab display of 7 Coronal Slices (10 Hz)

Movies exported as digital videos:  
Slice 3

Quantitative Analysis with Ultra-
CATS
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3-D Movement Reconstruction in 
MATLAB

Speakers 1 and 2, 
visualization of sentence “It ran a lot”.

Sample Data

Principal component analysis

• Principal component analysis with Varimax-rotation

Results:

• Component 1: Protrusion-
retraction

• 44% of variance

• Component 2: Dorsal height and 
position control

• 24.38% of variance

• Component 3: Anterior tongue 
blade

• 20.53% of variance

• Total: 88.92% explained 

Discussion 
• Measurements and statistical analyses have yet to 

be completed 
• For each participant (N=5), 9 test items were 

recorded 
• At a frame rate of 30 frames per second and with 

seven coronal slices, we are looking at 210 frames 
per second of speech

• Each frame produces approximately 11 data 
points, resulting in approximately 2,310 data 
points to be analyzed per second of video

Thank you very much! Questions?

Contact: 
mfenos@thestar.ca

tim.bressmann@utoronto.ca

Voice and Resonance Lab webpage: 
http://www.slp.utoronto.ca/English/Voice-and-Resonance-Laboratory.html


