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What to expect 
• An introduction to some available resources for speech 

research 
 
• Brief overview of how to access tools and data 
 
• Please feel free to ask questions during the tutorial! 

•  If you have questions later, you may contact me at: 
sfgordon@usc.edu 

https://sgdanner.wordpress.com/contact/ 
 



What is rtMRI? 
•  real-time Magnetic Resonance 

Imaging 
 
•  allows researchers to see 

sequences of images (=video) of 
the vocal tract in action (with 
simultaneously recorded audio) 

 
•  Mid-sagittal view of the vocal tract 
 
•  Reconstructed audio due to 

scanner noise 

•  check out some rtMRI videos at the 
SPAN website: 
http://sail.usc.edu/span/index.html 



Why rtMRI? 
• Provides sagittal (and other) views of whole vocal tract 

(lips, tongue, jaw, velum, pharynx, larynx) simultaneously 
•  Other imaging technologies, such as ultrasound, provide limited/

partial views 
•  rtMRI shows hard structures (jaw, hard palate) and other difficult-to-

image areas such as the velum and larynx 
 

• Offers valuable information about articulator shaping 
•  Aids understanding of articulatory dynamics 
 

• More spatial information than other methodologies 
•  ElectroMagnetic Articulography (EMA) is another popular imaging 

technology; but it only tracks small points in the vocal tract so 
information about complex articulator shaping may be lost 

 



Why rtMRI? 
BUT… 
• Poorer temporal resolution (sampling rate) than EMA or 

ultrasound 
•  This is improving – increased from 23 to 83 samples per second 

• Participants lay supine in scanner, possibly affecting 
articulator posture/motion 

• Participants wear ear plugs, possibly affecting auditory 
feedback 

•  In-scanner audio noise must be attenuated by filtering 
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Getting Started: Database Access 
Request database access:  

http://xios.usc.edu/usc-timit-form.php You have probably arrived here through the USC-TIMIT page at the SAIL/SPAN website. If not, please visit it

now.

By filling out this form and hitting the submit button you declare that you agree to the terms described in this

document.

This form will be validated by a human. Please allow up to a few days before receiving a link and credentials to

access the database.

For questions or problems, please contact Dr. Asterios Toutios at toutios@usc.edu.

*(denotes required field)

First Name: *

Middle Name:

Last Name: *

E-Mail Address: *

Institution *

Location

Homepage

CAPTCHA Code: *

Powered by Fast Secure Contact Form - PHP

MENU75°F at LAX



Getting Started: Database Login 
Use your new credentials to log in and view the database: 

http://xios.usc.edu/ajaxplorer/ 
 



Getting Started: Matlab 
Download Matlab 
• Many institutions provide access 

•  If you don’t have access, try a trial version: 
https://www.mathworks.com/programs/trials/trial_request.html 

•  In some cases, a less recent version is better (especially for 
Macs) – 2014a or 2014b work pretty well for most computers 

•  If available to you, install the image processing toolbox 

• We will use Graphical User Interfaces (GUIs) that do much of 
the work for you (so you don’t need to be a Matlab pro!!!) 

• But lots of tutorials are available to help you if you want to 
learn more of Matlab – try the Mathworks website: 
https://www.mathworks.com/support/learn-with-matlab-
tutorials.html 



Getting Started: Other software 
Audio Editing Software 
• Praat - http://www.fon.hum.uva.nl/praat/ 
• Audacity - http://www.audacityteam.org/ 

Video Editing Software (ideally with frame-by-frame 
playback) 
• QuickTime 7 (PRO if available) - 

https://support.apple.com/kb/dl923?locale=en_US 
• ELAN - https://tla.mpi.nl/tools/tla-tools/elan/ 
• VLC - http://www.videolan.org/vlc/index.html 
•  ImageJ (provided by NIH) - https://imagej.nih.gov/ij/ 
• Wondershare (Youtube video downloader) - 

https://www.wondershare.com/pro/free-youtube-
downloader.html 
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The Dataset 

10 native speakers of General American English 
•  5 male 
•  5 female 
•  4 speakers also have EMA data 
• New/Coming Soon! Force-aligned transcriptions of all 

speakers 
• New/Coming Soon! Contour tracking for 3 speakers 



The TIMIT Sentences 
460 sentences: 
• Elicit all phonemes of American English 
• Variety of prosodic and phonological contexts 
• Connected, natural (but read) speech 

“Coconut cream pie makes a nice dessert.” 
“A toothpaste tube should be squeezed from the bottom.” 

“Who authorized the unlimited expense account?” 
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Using the Database 
Once you’ve logged in, you should see something like this: 



Using the Database 
We’ll focus on the MRI data: 



Using the Database 
There are two folders, one for data and one for software (the software is less 
recent than what I’m providing in the tutorial, so no need to download): 



Using the Database 
You may also want to look through the list of sentences to 
identify ones you want to use: 
 



Using the Database 
Data is organized by speaker: 



Using the Database 
And each speaker has three data directories: 

ß just video   
ß video with audio 

ß just audio 



Using the Database 
Some speakers (F1, currently) have transcription files available in the folder 
called ‘trans’: 



Using the Database 
The transcription can be viewed by selecting the View/Edit button. 

•  The first two columns (separated by a comma) represent timestamps  
•  The next column is the ARPAbet phoneme during the time period denoted 

by the previous columns. 
•  The next column is an English transcription of the word containing the 

phoneme in the previous column 
•  The last column is an English transcription of the whole sentence containing 

the phoneme in the previous column. 
•  Learn about ARPAbet here: http://www.speech.cs.cmu.edu/cgi-bin/cmudict 



Using the Database 
Files are labeled with speaker ID and the sentence numbers: 



Tutorial Overview 
• Getting Started 
• The Dataset 
• Using the Database 
• Analysis Tools 
• Example Analyses 
• Resources 



Analysis Tools: Inspect_rtMRI 



Analysis Tools: Inspect_rtMRI 
Inspect_rtMRI: 
•  user places adjustable gridlines at points along the vocal 

tract 
 
•  also places air-tissue boundary lines 
 
•  visualization of rtMRI video frame + waveform and 

spectrogram of simultaneous audio (and formant 
tracking) 

 
•  creates area function of vocal tract for any video frame 
 
•  allows user to label and save frames of a video for 

subsequent analysis 



Analysis Tools: Inspect_rtMRI 
 

Let’s move to MATLAB to see inspect_rtMRI in action. 
 

Please refer to accompanying guide for instructions: 
https://sgdanner.files.wordpress.com/2016/10/matlab-

inspecrtmri_guide.pdf 
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Example Analyses using USC-TIMIT 
• Smith, C. (2014). Complex tongue shaping in lateral 

liquid production without constriction-based goals. 
Proc. ISSP, Cologne, Germany, 413-416. 

• Sorensen, T., Toutios, A., Goldstein, L., & 
Narayanan, S. S. (2016, July). Characterizing vocal 
tract dynamics with real-time MRI. In 15th 
Conference on Laboratory Phonology, Ithaca, NY. 

• Proctor, M., Lo, C. Y., & Narayanan, S. (2015). 
Articulation of English vowels in running speech: a 
real-time MRI study. In Proc. 18th Intl. Congress of 
Phonetic Sciences, Glasgow, Scotland. 

• …and more! (on the SPAN website: 
http://sail.usc.edu/span/research.php ) 
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Resources 
The entire SPAN website: 
http://sail.usc.edu/span/index.html, but also: 
• USC-TIMIT database: 

http://sail.usc.edu/span/usc-timit/index.html 
•  The rtMRI IPA charts: 

http://sail.usc.edu/span/rtmri_ipa/index.html 
Michael Proctor’s page: http://mproctor.net/index.html 
Caitlin Smith’s page: http://www-scf.usc.edu/~smithcm/ 
Reed Blaylock’s github: 
https://github.com/reedblaylock/rtMRI-vocal-tract-analysis 
Christina Hagedorn’s page: 
http://www-scf.usc.edu/~chagedor/Home.html 
This tutorial: 
https://sgdanner.wordpress.com/amp-2016-tutorial/ 
 



Special Note! 
• We are recruiting participants for rtMRI 
• And the SPAN group is recruiting researchers to help with 

analyzing data 
•  There are several opportunities for undergraduates!!! 

 
If you are interested in either of these opportunities, 

email Asterios Toutios: toutios@usc.edu  
and see our handout for more details 

 



Thanks for coming!!! 
And many thanks to the AMP organizers, Asterios Toutios, 
Caitlin Smith, Reed Blaylock, Christina Hagedorn, Tanner 
Sorensen and Michael Proctor for their assistance with this 
presentation. 


