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Preface

To cope with many different data streams recorded at different sample rates and allow
complex annotation queries, a Articulate Assistant Advanced uses a database structure.

AAA can load any number of databases, one at a time. Each database is located in a
separate folder and consists of a core database file (Data.aa0) containing records smaller
than 4 bytes such as annotations, prompts, client details etc. Records larger than 4 bytes
such as audio, video, ultrasonic and EPG recordings are held in separate files (Chunk_1.aa0,
Chunk_2.aa0, etc). Every frame or sample of data is time stamped to the nearest 100,000t
of a second (10microseconds). The software can therefore cope with data that does not
have a regular sample rate. The only exception to this is audio data; audio data is the
ground truth for all other data streams. Audio data must have regular sample intervals and
has a nominal sample rate associated with it which is received from the recording device.
Even if this rate is inaccurate, it becomes the clock to which all the other streams are
synchronised. A recording must have an audio track. i.e. other data streams cannot be
recorded by AAA without audio.

The AAA software allows you to
O create as many databases as you wish
O transfer data between databases

0 import data in standard file formats (*.wav, *.epg, PRAAT textgrid, *.avi,,EMA
pos.* etc)

0 export data to those standard file formats
0O calculate values from data and export those values and/or plot them.
O create publishable quality graphics from the data.

Each database is called a project. All data within a project can be compared and analysed as
a group. Each recorded data channel can be filtered, smoothed, differentiated, combined
with other data channels, etc. Key features like peaks, valleys, midpoints etc can be found
automatically and labelled.

Data values, durations of labelled regions and many other pieces of information can be
exported to Excel or R for charting or statistical analysis. Sophisticated queries can be
carried out on labelled data to extract only the information that is required.

Movies of articulatory data can be created for use in presentations and played in slow
motion if required. High quality charts suitable for 600dpi journal and book publication can
be generated from the various displays.
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AAA provides a powerful tool for multichannel speech analysis but we are always on the
lookout to improve the utility of the software. So if you have ideas for new features please

get in touch and we’ll see what we can do.

Data Files

Recorded Chunk-1.aa0
. (*.epg,*.wav etc)

input

Data.aa0 Chunk-2.aa0

i

Chunk-3.aa0

Old Data Files
(*.epg,*.wav
etc)

Analysis data
(Tabbed Text)

EPG, Video, Audio etc—{ pp|
DATABASE = Project

Client 1 Client 2 Client N
Session 1

Recording 1

| Ultrasonix | vicion |Vide0 |EPG|Wav|

| Recording 2 |

| Recording N |

| Session 2

| Session N |

Project 1

WARNING: Don't copy or move subsets of files in project folders. When using AAA, data
gets deleted and rewritten. The associated chunk files get deleted and can be reassigned to
a different data type as new annotations or analysis values are created. It is very risky to
save time when moving projects between machines to copy only parts of a database based
on date as some chunks whose date shows as old may nevertheless have been modified.
Windows has a bad habit of showing the creation date and not the modification date. The

result can be a corrupted database.

System Setup

Installing Articulate Assistant Advanced™ Software
1. Download the latest revision of AAA from
http://www.articulateinstruments.com/downloads/ or install from the USB drive

provided with the USB licence key.
oo

2. Right-click “_ on the ‘Setup_AAA_<version>.exe’ installer and run as

administrator @ Runasadministrator g\ ac o qministrator is only required the

first time AAA is installed.
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3. This screen may appear. Click More info then ‘Run anyway’.

Windows protected your PC Windows protected your PC

Microsoft Defender SmartScreen prevented an unrecognised app from
starting. Running this app might put your PC at risk
More info

Microsoft Defender SmartScreen prevented an unrecognised app from
starting. Running this app might put your PC at risk.

Application: Setup_AAA_221.5.12.exe
Publisher:  Unknown publisher

Then allow the app to make changes to your computer

4. Read the agreement. Then accept the agreement and click .

4 Setup - AAA version 221.5.12 — X

License Agreement .
Please read the following important information before continuing.

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

ARTICULATE INSTRUMENTS END-USER LICENSE AGREEMENT
IMPORTANT! READ CAREFULLY!

BY CLICKING THE ACCEPTANCE BUTTON FOR THIS SOFTWARE, YOU ARE

CONSENTING TO BE BOUND BY AND BECOME A PARTY TO THIS AGREEMENT AS
THE "LICENSEE."

IF YOU DO NOT AGREE TO ALL OF THE TERMS OF THIS AGREEMENT, YOU MUST
SELECT THE BUTTON INDICATING NON-ACCEPTANCE, YOU MUST NOT INSTALL
|OR USE THE PRODUCT, AND YOU DO NOT BECOME LICENSEE UNDER THIS v

(® 1 accept the agreement
(O 1 do not accept the agreement

.

5. Newer versions of AAA (221_3 onwards) install the app into the user’s documents
folder. This avoids folder permission problems where the user does not have full
administrator rights. In all versions it is possible to choose a different application

folder. Click .
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4 Setup - AAA version 221.5.12 -

Select Destination Location
Where should AAA be installed?

[ E Setup wil install AAA into the following folder.

To continue, dick Next. If you would like to select a different folder, dick Browse.

At least 3.0 MB of free disk space is required.

Back | Next |

| :\Users\Alan\Documents\AAA Browse...

Cancel

The

program can be run from the Windows Taskbar Start Menu
(‘Start:Programs:ArticAsst:AAA’) or a desktop icon.

6. The components to be installed should be left checked. Click .

4 Setup - AAA version 221.5.12 -

Select Components
Which components should be installed?

install. Click Next when you are ready to continue.

Select the components you want to install; dear the components you do not want to

Custom installation v
[ aAA software 308.0 MB
[ 'DeepLabCut’ machinedearning tongue and lip tracking models 119.4MB
[“] Default user settings (only affects this install folder) 0.6 MB
[ uitrasound data gathering (Micro / Echo Wave II drivers) 141.4MB
[“] camera data gathering (dfg2usb Imaging Source drivers) 2.4MB
[ x264 video file export encoding / decoding 2.3MB

Current selection requires at least 576.9 MB of disk space.

= e

X

7. Choose whether to have a desktop shortcut. Cliick
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48 Setup - AAA version 221.5.12 -

Which additional tasks should be performed?

Select Additional Tasks .

Select the additional tasks you would like Setup to perform while installing AAA, then
dick Next.

Additional shortcuts:
[] create a desktop shortcut

sk [ nex | | cance

8. Click . The files will be extracted

4 Setup - AAA version 221.5.12 -

Setup is now ready to begin installing AAA on your computer.

Ready to Install .

Click Install to continue with the installation, or dick Back if you want to review or
change any settings.

C:\Users\Alan\Documents\AAA

Setup type:
Custom installation

Selected components:
AAA Software
‘DeeplLabCut’ machine-earning tongue and lip tracking models
Default user settings (only affects this install folder)
Ultrasound data gathering (Micro / Echo Wave II drivers)
Camera data gathering (dfg2usb Imaging Source drivers)

Destination location: A

x264 video file export encoding / decoding v

ac [ el ] | Concel
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48 Setup - AAA version 221.5.12 - X
Installing .
Please wait while Setup installs AAA on your computer. .
C:\Users\Alan\Documents\AAA\Database\Chunk-42.aa0

Telemed drivers (32-bit version) installation.
Telemed drivers ill be installed automatically as part of the AAA installation. Click

IE'. DO NOT close programs and run again.

¥, TELEMED Drivers Package Setup X

Welcome

Welcome to the installer for TELEMED Drivers Package
21.2.

It is strongly recommended that you exit all Windows
programs before continuing with this installation.

If you have any other programs running, please click Cancel,
close the programs, and run this setup again.

Otherwise, click Next to continue.

[ Uninstall existing drivers

< Back 4 Next > i i Cancel ‘

Click E Optionally, to save a little time and space, uncheck all options except
MicrUs and Echo Blaster 128
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&%, TELEMED Drivers Package Setup

Select Packages
Please select the program features that you want to install.

Program Features:
Drivers for Echo Blaster 64 family ultrasound
--[~] Echo Blaster 128 scanners.

-[7] LS64 (800 KB)

~[7] LS128
-[] ClarUs
[~ SmartUs
E Artus

Total space required: 66.0 MB

<Beck | [ Ned> ]| conce

&%) TELEMED Drivers Package Setup

Ready to Install
You are now ready to install TELEMED Drivers Package 2.1.2

The installer now has enough information to install TELEMED Drivers Package on your computer.

The following settings will be used:
Install folder: C:\Program Files (x86)\TELEMED\Drivers
Shortcut folder: TELEMED\TELEMED Drivers Package 2.1.2

Please click Next to proceed with the installation.

< Back - Next > | Cancel

clex B ]
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%) TELEMED Drivers Package Setup X

Installation Successful

The TELEMED Drivers Package 2.1.2 installation is
complete.

Thank you for choosing TELEMED Drivers Package!

[ Scan for hardware changes

Please click Finish to exit this installer.

il o e

Echo Wave Il software (32-bit version) installation.
Echo Wave Il will be installed automatically as part of the AAA installation. Click

g) Echo Wave |l Setup X

Welcome
Welcome to the installer for Echo Wave 11 4.1.1.

It is strongly recommended that you exit all Windows programs
before continuing with this installation.

if you have any other programs running, please click Cancel,
close the programs, and run this setup again.

Otherwise, click Next to continue.
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Select | agree to overwrite all presets and settings and click

¥, Echo Wave Il Setup

Important files will be deleted.
Please read the following waming carefully.

WARNING!!
(not actual for 1-st time installation)

You are going to install/upgrade software and delete all previously created
presets and settings.

If you wish to keep presets and settings, please cancel install and save presets and settings
using methods that are described in software user manual.

Then you can start installation again, and after that copy/import previously stored presets
and settings.

(® i agree to overwrite all presets and settings.;
(O | do not agree to overwrite all presets and settings.

s | 20 ] [ o

Select region and click

¥, Echo Wave Il Setup

Region selection
Select your region and click Next to continue.

(O North America
(® Africa, Asia, Australia, Europe, South America

s | [Eo] [ o
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Click

¥, Echo Wave Il Setup

Installation Folder
Where would you like Echo Wave |l to be installed?

The software will be installed in the folder listed below. To select a different location, ethertype in a
new path, or click Change to browse for an existing folder.

Install Echo Wave Il to:
C:\Program Files (x86)\TELEMED\Echo Wave Il | Change... |

Space required: 308.8 MB
Space available on selected drive: 27.11 GB

<Back | Next > [ Cancel

Click
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?9 Echo Wave Il Setup

Shortcut Folder
Where would you like the shortcuts to be installed?

The shortcut icons will be created in the folder indicated below. If you dont want to use the default
folder, you can either type a new name, or select an existing folder from the list.

Shortcut Folder:
TELEMED\Echo Wave I14.1.1 v

<Back | Next > [ Cancel

Click

¥, Echo Wave Il Setup

Ready to Install
You are now ready to install Echo Wave I14.1.1

The installer now has enough information to install Echo Wave |l on your computer.

The following settings will be used:
Install folder: C:\Program Files (x86)\TELEMED\Echo Wave |
Shortcut folder:  TELEMED\Echo Wave I 4.1.1

Please click Next to proceed with the installation.

<ok | [Net> ][ coned
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Clex B ]

g) Echo Wave |l Setup

Installation Successful
The Echo Wave |l 4.1.1 installation is complete.

Thank you for choosing Echo Wave |I!
Please click Finish to exit this installer.

il o e

H.264 image codec installation
This codec saves space when exporting videos from AAA
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(37 x264vfw - H.264/MPEG-4 AVC codec Setup - X

Welcome to x264viw -
H.264/MPEG-4 AVC codec Setup

Setup will quide you through the installation of x264vfw -
H.264/MPEG-4 AVC codec.

It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.

(3 x264vfw - H.264/MPEG-4 AVC codec Setup - X

License Agreement
Please review the license terms before installing x264vfw -
H.264/MPEG-4 AVC codec.

Press Page Down to see the rest of the agreement.

| GNU GENERAL PUBLIC LICENSE A
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.,
51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

TheAIicensesj for most ;oftware are designed to take away your v

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install x264vfw - H.264/MPEG-4 AVC codec.

< Back Cancel
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() x264vfw - H.264/MPEG-4 AVC codec Setup —_ X

Choose Components
Choose which features of x264vfw - H.264/MPEG-4 AVC codec
you want to install.

Check the components you want to install and uncheck the components you don't want to
install. Click Next to continue.

Select components to nsal:

x264vfw (x86)
x264vfw (x64)

Space required: 7.3 MB

Nullsoft Install System v3.02

<Back | Next> | | cancel |

() x264vfw - H.264/MPEG-4 AVC codec Setup — X
< Choose Install Location
8 Choose the folder in which to install x264vfw - H.264/MPEG-4
AVC codec.

Setup will install x264vfw - H.264/MPEG-4 AVC codec in the following folder. To install in a
different folder, dick Browse and select another folder. Click Install to start the installation.

Destination Folder
[: Program Files (x86) 264vfu] | | Browse.. |

Space required: 7.3 MB
Space available: 27.1GB

<Back | Instal | | Cancel
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() x264vfw - H.264/MPEG-4 AVC codec Setup -

Installation Complete
Setup was completed successfully.

Completed

Show details

() x264vfw - H.264/MPEG-4 AVC codec Setup -

Completing x264viw -
C 3 H.264/MPEG-4 AVC codec Setup

x264vfw - H.264/MPEG-4 AVC codec has been installed on
your computer.

Click Finish to dose Setup.

Miniconda installation
This should only be done once. The first time AAA is installed.
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O Miniconda3 py39_4.11.0 (64-bit) Setup - X

Welcome to Miniconda3 py39_4.11.0
(64-bit) Setup

Setup will guide you through the installation of Miniconda3
py39_4.11.0 (64-bit).

Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.

) ANACONDA.

PN

NG

Next> | | Cancel

O Miniconda3 py39_4.11.0 (64-bit) Setup - X
License Agreement

’(J ANACONDA..  please review the license terms before installing Miniconda3
py39_4.11.0 (64-bit).

Press Page Down to see the rest of the agreement.

3 A
End User License Agreement - Miniconda
Copyright 2015-2021, Anaconda, Inc.
All rights reserved under the 3-dause BSD License:
This End User License Agreement (the "Agreement”) is a legal agreement between you
and Anaconda, Inc. ("Anaconda®) and governs your use of Miniconda.
v
If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install Miniconda3 py39_4.11.0 (64-bit).
Anaconda, Inc, -
<Back |[ IAgee | = cancel
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D Miniconda3 py39_4.11.0 (64-bit) Setup — X

Select Installation Type

«_) ANACONDA. Please select the type of installation you would like to perform for
Miniconda3 py39_4.11.0 (64-bit).

Install for:

(O ust Me (recommended)

(® All Users (requires admin privileges)

<o [G>] [ s

AAA will then automatically run and install deeplabcut
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l

Installation will then be complete
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4 Setup - AAA version 221.5.12 -

Completing the AAA Setup Wizard

Setup has finished installing AAA on your computer!

Click Finish to exit Setup.

[J Launch AAA

A‘ticulateg
Instruments

Initialising Telemed ultrasound
It is necessary to run Echo Wave Il once as administrator after the system is installed for

the first time. This initialises a number of settings.

1. Connect the Telemed probe to the scanner and the scanner to the PC via USB.

—_—

-

2. Right-click “_ on C:\Program Files (x86)\TELEMED\Echo Wave II\EchoWave.exe

and run as administrator @ Run as administrator

3. Close Echo Wave ll.

Installing DFG2USB driver.

To install the driver for the Imaging Source video capture card, the DFG2USB unit must be
connected via USB to the PC.

Installing Focusrite Scarlett pre-amp/soundcard drivers

Focusrite update their models every couple of years. Each new model is given a generation
ID (Gen2, Gen3, Gen4 etc). Each model has unique drivers and care must be taken to install
the driver that matches your model.

Articulate instruments supplies Focusrite Scarlett Solo and Scarlett 4i4 models. The
following pictures show the appearance of each model and the location of the driver.
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Match the image below to your Focusrite Scarlett and download and install the
corresponding driver.

https://downloads.focusrite.com/focusrite/scarlett-2nd-gen/scarlett-solo-2nd-gen

MONITOR

)
/ \ , OFF ON

s O

Scarlett Solo INST LINE MONITOR 0O

Focusrite s DIRECT

Focusrite Audio Engineering Ltd
www.focusrite.com

Focusrite o

: USB 2.0 %
E RIGHT
Designed in England C € :Z FS(;::Iser::gSolo
—

Manufactured in China LINE OUTPUTS

Focusrite Scarlett Solo Gen2 https://downloads.focusrite.com/focusrite/scarlett-2nd-
gen/scarlett-solo-2nd-gen

MONITOR o=@+ nisle

LINE QUTPUTS
RIGHT LEFT

. -

£

Focusrite
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Focusrite Scarlett Solo Gen3 https://downloads.focusrite.com/focusrite/scarlett-3rd-
gen/scarlett-solo-3rd-gen

Scarlett Solo

Focusrite

R Outputs L

Focusrite Scarlett Solo Gen4 https://downloads.focusrite.com/focusrite/scarlett-4th-
gen/scarlett-solo-4th-gen

MONITOR — «&+

b

GAIN

scarlett

LINE QUTPUTS LINE INPUTS,

Focusrite

FocusriteScarlett 4i4 Gen3 https://downloads.focusrite.com/focusrite/scarlett-3rd-
gen/scarlett-4i4-3rd-gen
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Qutput

Scarlett 4i4

Focusrite Ot s

FocusriteScarlett 4i4 Gen4 https://downloads.focusrite.com/focusrite/scarlett-4th-
gen/scarlett-4i4-4th-gen

Enabling the AAA app with the USB licence key

Articulate Assistant Advanced requires a USB licence key plugged into the usb port of the
PC in order for the software to function fully. Without the licence key it is not possible to
record or import data nor view data that has been previously recorded.

A USB key embodies each issued licence. Red licence keys, issued from 2003-2025, are now
obsolete. Red AAA dongles require a driver to be installed and Windows Core Isolation
Memory Integrity blocks this driver. If you are having problems with your licence key,
please check if a Windows update has turned ON Core Isolation Memory Integrity. To do
this, please use your Windows Start menu to search for “Core Isolation”, then in that
settings page please ensure that Memory Integrity is disabled.

Since August 2025 we have issued green usb licence keys which do not require dedicated
drivers. If you wish to replace your red dongle with a green one then you will need to
return the red dongle to us or show photographic evidence that the red dongle has been
destroyed. We will then ship a green dongle to you at a cost of £30 +shipping + import
customs charges (payable to courier).
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IMPORTANT: Keep your USB key safe when not in use. It is valuable.

Note: The red USB license key should be plugged in AFTER Articulate Assistant Advanced
has been installed because the installation process sets up the USB key drivers. If the USB
key is plugged in before Articulate Assistant Advanced is installed then windows will detect
a new device and ask for the drivers.

Recording video sync signal and ultrasonic pulses on the same channel

Focusrite Scarlett Solo

When recording the video sync signal and ultrasonic frame sync pulses on the same
channel, it is necessary to delay the start of the ultrasonic recording to ensure separation.
It is also necessary to set the automatic ultrasonic syncronisation so that it ignores the
video sync signal.

Follow these steps:

—_—

-

1. Right-click “_ on the ultrasound display and select “ultrasonic setup... -> Micro,
Echob & Art”

& Show Ultrasonic
Ultrasonic Setup > Display Options + Live Tracker...
Save as Template Ultrasonix...
Copy Bitmap EchoB, Micro & Art...
Make Movie... Sync Recording...

Edit Splines...

Show Splines

Show Fan

Spline Workspace...
Fan Setups...

Overlay >

Image >
Rotate Video ...

De-interlace Video...

Save Frames to Database

Add Knot

Delete Knot

2. This opens the ultrasonic settings dialog. Check the box Delay acq. And set to
1000ms. This will delay the start of ultrasound recording for one second.
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Scanning | Miemeey

Depth [mm] [ 80mm

Field of View (%] | | 100%
Poswer |
Gamn l— [~ aex
DynamicH ange [ J ~ GEdE
—

FrobeFreq [MHz)
Purel\iew

Focus Depth

Line Drersity

B-miada Scan Type Momnal

3. Close the dialog
o~
4. Right-click “— on the ultrasound display and select “ultrasonic setup... -> Micro,
EchoB & Art”

Show Ultrasonic

Display Options + Live Tracker... Ultrasonic Setup >
Ultrasonix Save as Template
EchoB, Micro & Art Copy Bitmap
Sync Recording... Make Movie...
Edit Splines...

v Show Splines
Show Fan
Spline Workspace...
Fan Setups...

Overlay >

Image >
Rotate Video ...
De-interlace Video...

Save Frames to Database

5. Inthe sync ultrasonic dialog, make sure the channel is set to the Focusrite Scarlett
channel with the ultrasonic pulses.

6. Setignore the first 800 milliseconds of the sync signal
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Sync Recording >

: ' . i . Each recording iz
¥ Synchronize ulrasound recordings using PStretch audio sync signal syrichronised the first

time that you click on

" Eztimate ultrazaund tirmings [recordings have no PStretch audio syhe zignal] it in the prompt list

Sync using PStretch signal l Sync without a signal ] Re-Synchronize Cantinuous Files |

— 2|
The zpnchronization signal iz on |S|:uunu:| Channel 2 j 2

kinimum sync signal amplitude to detect = 1000 =

-

lgnore the first (200 &1 milizeconds of the spnc signal

Synchronize the curent recording |

For all recordings from [ 1312/2025 = | ta |1312/2025  ~|

v For the cument client only

After synchronising, shift all ultrazound frames to the right by |0 a1 millizeconds.

[& negative number of millizeconds shiftz to the left.]

Synhchronize all recordings that match these criteria | ]
[~ Show advanced zettings

Cloze

See video synchronisation section for processing the video.

Recording Speech audio, ultrasonic frame pulses and video sync signal

on separate channels (Focusrite Scarlett 4i4)

If recording the video sync signal on a separate third channel then simply ensure that the
Ultrasonic sync channel setting matches the channel with the ultrasonic frame strobe
pulses.

See video synchronisation section for processing the video.

Updating your AAA software to the latest revision

DO NOT uninstall the old version of AAA
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1. Double click on the AAA setup installer for the latest revision. DO NOT run as
administrator.

Setup X

0 You are running this installer without administrator privileges.

If this is your first time installing AAA, you must run this
installer with administrator privileges. You might need to
contact whoever manages your computer if you are not the
administrator.

If you already have AAA installed then you don't need
administrator privileges, and you can proceed here to update
or repair your existing version of AAA or add a new version of
AAA in addition to your existing version(s).

2. Select | accept the agreement and CIick

% Setup - AAA version 221.5.12 - X
License Agreement .
Please read the following important information before continuing. .

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

ARTICULATE INSTRUMENTS END-USER LICENSE AGREEMENT N
IMPORTANT! READ CAREFULLY!

BY CLICKING THE ACCEPTANCE BUTTON FOR THIS SOFTWARE, YOU ARE
CONSENTING TO BE BOUND BY AND BECOME A PARTY TO THIS AGREEMENT AS

THE "LICENSEE."

IF YOU DO NOT AGREE TO ALL OF THE TERMS OF THIS AGREEMENT, YOU MUST
SELECT THE BUTTON INDICATING NON-ACCEPTANCE, YOU MUST NOT INSTALL
|OR USE THE PRODUCT, AND YOU DO NOT BECOME LICENSEE UNDER THIS |

(®1 accept the agreement
(O1do not accept the agreement

cancel
3. Click unless you have reason to install the new revision elsewhere.

This will overwrite the old version.
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4 Setup - AAA version 221.5.12 - X
Select Destination Location .
Where should AAA be installed? .

[ D Setup willinstall AAA into the following folder.

To continue, dick Next. If you would like to select a different folder, diick Browse.

Browse. ..

At least 3.0 MB of free disk space is required.

=

4. Click Yes unless you have reason to install the new revision elsewhere. This will
overwrite the old version.

Folder Exists

6 The folder:

C:\Users\Alan\Documents\AAA

already exists. Would you like to install to that folder anyway?

Yes No

5. Click Next to install the revised version of AAA, up-to-date tongue and lip models,
and default AAA settings for this revised version.

48 Setup - AAA version 221.5.12 - X
Select Components .
Which components should be installed? .

Select the components you want to install; dear the components you do not want to
install. Click Next when you are ready to continue.

Custom installation v
M AAA software 308.0MB
[] 'DeeplLabCut’ machinedearning tongue and lip tracking models 119.4MB
[ Default user settings (only affects this install folder) 0.6 MB

Current selection requires at least 430.9 MB of disk space.

=
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4 Setup - AAA version 221.5.12 - X
Select Additional Tasks .
Which additional tasks should be performed? .
Select the additional tasks you would like Setup to perform while installing AAA, then
dick Next.
Additional shortcuts:
[[] create a desktop shortcut
= cans
6.
4 Setup - AAA version 221.5.12 - X
Ready to Install .
Setup is now ready to begin installing AAA on your computer. .
Click Install to continue with the installation, or dick Back if you want to review or
change any settings.
Destination location:
C:\Users\Alan\Documents\AAA
Setup type:
Custom installation
Selected components:
AAA Software
‘DeeplabCut’ machine-earning tongue and lip tracking models
Default user settings (only affects this install folder)
Back Cancel
7. Click Install

8. CLICK CANCEL as Miniconda has already been installed.
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) ANACONDA.

e er
’..’.

D Miniconda3 py39_4.11.0 (64-bit) Setup — X

Welcome to Miniconda3 py39_4.11.0
(64-bit) Setup

Setup will guide you through the installation of Miniconda3
py39_4.11.0 (64-bit).

Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.

==

9. AAA will automatically start to check that DeeplLabCut is installed.
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Clex B ]

4 Setup - AAA version 221.5.12 -

Completing the AAA Setup Wizard

Setup has finished installing AAA on your computer!

Click Finish to exit Setup.

[ Launch AaA

A‘ticulate |
Instruments|
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Overview
The Articulate Assistant Advanced (AAA) application runs under Windows 10 and 11.

Instrumentation
AAA is designed to allow speech scientists to synchronously record and analyse data
produced by a wide variety of articulatory instrumentation such as:

® Speech acoustics
® EPG (WInEPG system)

e Laryngograph, airflow, and other analogue signals recorded with multichannel
soundcard

e Ultrasound (raw data from Telemed and ultrasonix systems)

® Lip camera video and video based output from ultrasound systems

e Electrophotoglottograph (measures glottal abduction, adduction and phonation)
e Electromagnetic Articulograph (Carstens EMA)

e Vicon (camera tracking system)

Design philosophy

AAA is designed to work on 2 levels.
- We attempt to make the default settings appropriate for best results.

- Advanced settings allow control over parameterisation.

The goal

The goal of AAA is to improve productivity of articulatory analysis in the speech lab. 20
years ago a researcher could spend months hand drawing tongue contours on single
frames representing a phone target. Today a computer can fit contours to hours of data
overnight and more accurately than many human labellers. We continue to strive for
greater accuracy. Analysing data has advanced too. AAA has brought together many tools
for quickly running different tongue shape comparisons and significance tests. We continue
to work on developing methods for cross speaker analysis and other challenges.

Quick Start: Prepare to record
Articulate Assistant Advanced™ starts up in a demonstration project containing data that
can be analysed but it is not possible to record new data in this project. The

| | button will be inactive. To be able to record and activate the
record button you must do four things

1. Either create a new project or open a project that you previously created.
2. Either copy prompts from the current directory or create your own promptlist

3. Create a Client/participant
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4. Make sure an audio recording device is enabled.

Create a project, a prompt list, and a client
To create a new project select the “File” menu and select Create/Copy project...

%' Articulate Assistant Advanced - Project:)

File Edit Options Help || Record Ulasonic

Create/Copy Project...
Open Project/Client...

Create/Amend Project *
Project Hame: |M_',' project
Authar: |Ma|

Projects Root: 4
|E:'\LI$er$\.&lan\Dncument$'\data Browse. ..
Select Project: Set az default project raot |
|<New Project: j
Clients: Clients to be copied from current project:

Select Clients

Project details:

Cancel

d

Help

W Include video

1. By default the projects root directory is the directory from which the application is
run. However, you may prefer to specify a separate location for data storage,
perhaps in another folder or on another disk drive, dedicated to storing data.

B . . .
2. M to select the Project root or type or paste the path into the Projects
Root edit box.

3. Toremember this location the next time you create or open a project, click the
Set az default project rook button

4. After setting the Project root, complete the ‘Project Name’ using alphanumeric
characters. This will also be the name of the folder in which all the project data is
stored. You may also specify the author and any details describing the project.

5. Click You will be asked if you want to copy the promptlist from the
current project. It is easiest to click OK the first time you create a project. The
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prompts from the demo project will be copied to your new project.
Confirm =

6. However, if you prefer not to add unwanted prompts to your new project and
prefer to create your own promptlist, click No. Then click Yes when asked if you
want to open the promptlist editor. IMPORTANT: You must have at least one
prompt to be able to make a recording.

Confirm *

Your project does not currently have any prompts. You need at least one prompt to record data.

Would you like to open the prompt list editor now?

7. To quickly create a promptlist either type or paste text into the top right panel

corresponding to the default promptlist, click ~ ®=- | and then when

prompted to save. See following section for more advanced promptlist options.
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d Prompt List Editor - O X
List Image Audio Video
Feaye , 1
The client's prompt lists e
[ It ¥
Audin/iden Prompt
e
Other available prompt ists Imporation Font Import
Flay &% prompt:
& before recording
&z recording starts
" with delaped prompt
[™ Set choice as default
Close
*
List Image Audio Video
 The client's prompt lists i20s |
[ (001 The price range is smaller than any of us expected. ~

002. They asked if | wanted to come along on the barge trip.

003. Amangst her friends she was considered beautifl

004. The smell of the freshly ground coffee never fails to entice me i

005. T often perplexed by rapid advances in state of the ar techno

006. John could lend him the latest draft of his work.

007. From forty love the score was now deuce and the crowd grew t

008. The Presbyterian minister managed to curb the drinking habits  ~Audio/Video Promgt

009. The bulb blew when he switched on the light ¢

010. It is futile to offer any further resistance.

011. They launched into battle with al the forces they could muster [=] Record Aucio Prompt

012. The chill wind caused them to shiver violently. ]

013. The government tiumphed four years ago and we have every re

014. Hi Play A prompt:

o151 s weaknesse: Ity
_ a8 recording stats

e Prompt st has been moded. ave? S

018 11 T~ Set choice as default

prompts

No Gancel | [] impen

Other avaiable prompt lsts

8. After importing or creating a promptlist you will be prompted to create the name
of the initial client in this project. As a minimum you must enter text in the “family
Name” box or the Ref box. Other information is optional.
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-l x4

Family Mame IBrown (]4 I
Given Mames |James Cancel |

Sex

[Mals =] DatectBith [3012/1345. 7 Ref | Help |

American |

Select audio recording and playback devices

9.

You must have a soundcard enabled to enable recording. Every AAA recording
must have an audio data stream as it provides the time base for all the other data
streams. If you are recording from a laptop you will have a choice of the built-in
soundcard and microphone and the external soundcard (e.g. Focusrite Scarlett
Solo). Usually the external soundcard will be selected by Windows automatically
but it is good practice to confirm that the recording and playback is set to the
external soundcard if you are intending to record with it.

Important

If you are using the external soundcard to record you MUST use the external
soundcard to playback otherwise ultrasonic data will not synchronise correctly. If
the laptop is used to playback then the system will temporarily halt recording while
it swaps soundcard to playback. This results in critical loss of initial ultrasonic
pulses which results in mis-assignment of ultrasound images relative to the audio.

Start and stop recording

10.

To start a recording, select a prompt text by clicking on an empty box or the

i button should now be active.

Click L. A to start recording. You will hear a beep and the prompt screen
will turn green. When the speaker has finished speaking you can click the

A button to stop the recording before the default duration.
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% Articulate Assistant Advanced - Project: Ch\Users\Alan\Documents\data\My project  Client: Brown,James - O X

File Edit Options Help || Record Ulragonic | Analyse Ulrasonic | Recard Video (Ulrasound) | Analyse Video [Ultrasound) | Record Ulrasonic + Video | Analyse Ul 4 |

001. The price range is smaller
than any of us expected.

CAERLINNES

3041241839 ]

1001. The price range is smaller than any of us expected. [12] £
002. They asked if | wanted to come along on the barge trip.
003. Amongst her friends she was considered beautiful.

004. The smell of the freshly ground coffee never fails to entic:
005, I'm often perplexed by rapid advances in state of the art t
006. John could lend him the latest draft of his work.

007. From forty love the score was now deuce and the crowd
008. The Presbyterian minister managed to curb the drinking
009. The bulb blew when he switched on the light.

010 It is futile to offer any further resistance.

011. They launched into battle with all the forces they could n
012. The chill wind caused them to shiver violently.

013. The government triumphed four years ago and we have e
014. He jerked round in an instant to face his assailant.

015. He emphasized his strengths while concealing his weak
TTTTTTTINMRE Tha tahla ic mada en elanmihs that it tilte =

I (s) Qontinuous| | | ¥ Freeze |
Chan: & 1 ¢ 2 |[@ Autoddvance Scanlines =10 PixelsPerScanline =412 FOY =15.47  PixelDffset =10 Depth:

11. The settings dialogue defines the Maximum Duration of the recording which
defaults to 6 seconds. i.e After 6 seconds the recording will automatically stop and
save. If you need to record for longer you can change this timer.

File Edit Options Help || Fecord Ulrasonic

Settings...
Targets...
12.
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In the Settings dialog, Maximum Attempts defines the maximum number of
recordings that can be made for a single prompt for a client across all sessions. It
defaults to 256. i.e. more than 4 hours of 6 second recordings.

Play WAV file defaults to playing a BEEP at the start of the recording. This is a
useful indicator for the participant to start speaking. It is recommended to use the
default BEEP.wav as this file is optimised for triggering the SyncBrightUp unit used
for synchronising video.

Projects
AAA does not use filenames to store recordings. Instead they are uniquely referenced
withing a database called a project by three pieces of information

1. Client name
2. Prompt
3. Date/time of recording

A recording may consist of a collection of several data streams. For example a recording
may consist of speech acoustics and ultrasonic data from the Micro. But a recording can
also contain Splines generated from the ultrasound data, analysis values generated from
the splines, annotation labels. All of these data streams are time-tagged and managed by
the AAA software.

You may wish to create one project per client/participant so that each projectis a
manageable size or a group of clients can be stored in a project. This will allow comparisons
to be performed between clients within the software but take care that the project does
not become unmanageably large particularly in the time required to back It up. If your
project does become larger than you would like, you can use the copy project option to
transfer a subset of clients or recordings to another project.

Typical storage requirements

22kHz 16-bit stereo audio 0.09Mb/sec 317Mb/hr
44kHz 16-bit 4-channel audio  0.35Mb/sec 1.27Gb/hr

Micro ultrasonic data 5.85Mb/sec 2.1Gb/hr
Greyscale Video 9.2Mb/sec 3.32Gb/hr
24bit Colour 27.6Mb/sec 82.8GB/hr

Create a new project
See previous section on preparing to record.

Open an existing project
To open an existing project select the “File” menu and select Open project/client...
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*' Articulate Assistant Advanced - Project: €

File Edit Options Help || Becord Ulrazonic

Create/Copy Project...
Open Project/Client..,

If the project you are looking for is not in the current Projects Root then select

M to find the project folder or type the path into the "Projects Root" edit
box.

2. Select a project from the list of available projects in the projects root.
Open Project/Client

Project Mame: |y project
Authar: ,Mei

Projects Roat:

C:\UsershdlantDocumentshdata Browse..
Select Project:

Set as default project oot |

X

small project
sm_EMA_LIS_WID
sm_EMA_US_VID - 221
sm_Eba_US_WID - 221 -0
solotest

Subgzet, Synced and Deintel
subset_celia_240411
subset_chan(417 hd

Project details: Open ‘

Cancel
Help

3. Select a client from the selected project and click M.

Open Project/Client

Project Mame: |y project
Authar: ’Mei

Frojects Root:

|C SUsershalaniDocumentshdata Browse..
Select Project:
by project -

Clients:

Set as default project roat |

Project details: Open ‘

Cancel
Help
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Copy recordings from one project to another

It is possible to copy data from the currently open project to another project. The data can
be appended to an existing project or a new project can be created specifically for the files
to be copied. You may wish to do this to create a subset of data for a particular analysis or
to allow a subset of data to be given to another researcher using AAA.

1. Use “File | Open project/client...” dialogue to open the project and the client that
you wish to copy data from.

2. Use the ‘File | Create/Amend Project...” dialogue to select the project you want to
copy the data to. This can be a new project you create or an existing project you
wish to add clients and recordings to.

3. Click the button to open the ‘Clients to Copy’ dialogue.

4. From the ‘Client’ tab window in the dialogue select the client or clients you wish to
copy to the new project.

Select Clients to copy X

Client l Currert Clignt Sessions | Curent Session Fecordings

Clear Al | Check 4l | Clear Selected |Check Selected|

QK | Cancel | Help |

5. From the ‘Current client sessions’ tab window in the dialogue select the session or
sessions you wish to copy to the new project. You can only access sessions from
the currently loaded client.
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Select Clients to copy X

Client  Current Clisnt Sessions | Current Sezsion R ecordings

w2702

Clear &1 | Check Al | Clear Selected |Check Selected|

0K | Cancel | Help |

7. From the ‘Current Session Recordings’ select individual recordings from the current
client. You can click and drag or <cntrl> click to multiselect recordings and then
check or uncheck the selected recordings.

Select Clients to copy >

Client | Curent Client Sessions  Curent Session HecordinQS]

(2023 16:19:11 The price range is smaller than any of us expected. Rep 1
23 1 25 They asked if | wanted to come along on the barge frip. Rep
2023 1 12 Amongst her friends she was considered beautiful. Rep 1

:21:27 The smell of the freshly ground coffee never fails to entice
1:41 I'm cften lexed by rapid advances in state of the art tech

Z {
27072023 1 21 The Presbyterian minister managed to curb the drinking habi
27072023 1 35 The bulb blew when he switched on the light. Rep 1
2T0TI2023 18:22:53 It is futile to offer any further resistance. Rep 1

ALY ALY YL LY

Check all | Check Selected Caze Sensitivity Ewport arder
Clear Al Clear Selected * o8 © On £ ByRep & By Time

QK | Cancel ‘ Help ‘

Caze Sensitivity

o af  On
8. If you have separate prompts that deliberately differ because the

target word has a upper case character in one prompt and lower case in the other
then switch case sensitivity on.

Export arder

" By Time

‘By rep’ lists the recordings according to the order of the
prompts. ‘By time’ lists them according to the time they were recorded.

10. After selecting the data to be copied, click OK to close the ‘Clients to Copy’
dialogue. The name(s) of the clients to be copied in full or in part will be entered in
the clients to be copied listbox in the ‘Create/Amend Project’ dialogue.
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. . - . . Create N
11. Finally, to add this data to the new or existing project click EEE T or

Update | .
as appropriate.

Create/Amend Project X
Praject Name: [Mew project I:l
Authar: Update

Delete
Projects Foot;
|E:\Users\.ﬁ.lan\Documents\data Browse...
Select Project; Set as default project root |
|New project j
Clients: Clients to be copied from current project:
durarny, (301241893 14:24:54 Current client Select Clients
d, ug [30/1241899 )

Praject details:

Cancel

Help

L

W Include video

Backing up projects

It is strongly recommended to back up your projects to an external drive, network drive or
cloud repository. You must back up ENTIRE project folders. DO NOT BACKUP PART OF A
PROJECT FOLDER.

The Data.aa0 file in the project folder contains the database and small pieces of data less
than 4 bytes. Larger data chunks of data such as audio, ultrasound, video recordings are
stored as Chunk???.aa0 files.

Prompts

A promptlist MUST be selected in order to enable a recording to be made. Each recording is
then automatically saved and associated with a selected prompt from the promptlist. If the
The PromptList window is empty then use the PromptList Editor to edit existing prompt
lists or add new ones or select a different one.

A prompt consists of a line of text terminated in a carriage return linefeed. It may be a
single word or a passage of text.

They asked if | wanted to come along on the barge trip |

TIP

Optionally you can add a number in square brackets at the end of the prompt. AAA will
read this number and stop the recording automatically after this number of seconds.

e.g. The following prompt will stop recording after 3 seconds.

025. | always seem to follow my instincts rather than reason. [3]

The [3] overrides a default duration for stopping recording which is set in Options|Settings
Utterances.
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Since version 220 _x AAA has been able to read and display Unicode prompts. In previous

versions it was necessary to use fonts or present pictures of prompt texts in languages

unrepresented in the basic ASCII character set.

@ Prompt List Editor

List Image Audic Video
The client's prompt lists

D efault

E xample languar

Other available prompt lists

T i T e S T |

B R TR R

nWpaa TR 07T N ane?
S (T, I - sk

Toglall e sl _‘#.S_;J.L‘Sﬂ"_.‘ Ja

Pan noaHakomuTecA c Toboii.

e SR e R d i ge?
g :

BAEF/TAINITERENTT

Impaokw &' aici Tohhd Bidaokdpevog.

di e ven dhw

Importation Font

Import

- O x
Image
AudioVideo Prompt
ok

[#] Record Audio Prompt |

Flay &% prompt:

% hefore recording

(™ as recording starts
" with delayed prompt

™ Set choice as default

Cloge ...

PromptList Editor

The list of prompts can be edited or a

dialogue.

Copy
Copy Palates...

Client...

Prompt List...

* Articulate Assistant Advanced -

File Edit Options Help || Record Ulrasonic

Project:

Ctrl+C

new list created with the ‘Edit:Prompt List...

On startup, the AAA demo project has sample prompt lists default, AAA demonstration and

MoCHA.
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4 Prompt List Editor — [m| X
List Image Audio Video
The client's prompt lists

2 pack atop  beat a mat A
AddDemonstration
MoCHA a book atea a gone a tool
acar a hoot a peeking a tall
AudioMideo Prompt

Other available prompt ists Importation Font Irnport [8] Record Audio Prompt

Flay AW prampt;

% before recording

" asrecording starts
" with delayed prompt

[~ Set choice as default

Close ...

When you create a new project you can choose whether to copy these lists into the new
project. If you choose not to copy them, this will reduce the size of the project but you
must then create your own list with at least one prompt.

The easiest way to create a list is to cut and paste a set of prompts that you have prepared
in word or excel or found on the internet into the default list. Each recording can be
prompted by text, an image, an audio or a video clip.

TIP

If you already have a list of prompts in a text file. Simply copy the list to the clipboard
using <Ctrl>-C in your text editor and paste into the Prompt List Editor using <Ctrl>-V

To create a new list click the List menu item

‘New’ sets up a Title and opens a new blank list.

* Prompt List Editor
List Image Audic Video

Mew..,
Rename... - -
ArticAsst - Prompt List *
Delete...
List Mame:

Convert old prompts to Unicode

Load from CSV file...

Save to CSV file.. oK | concel |

’

‘Rename...” allows the currently selected list to be renamed.

‘Delete’ allows the currently selected list to be deleted. This may save space especially if
the list has audio, video or image prompts.
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‘Convert old prompts to unicode’ allows prompt lists which were stored in special fonts in
previous version of AAA to be converted to unicode. See following section.

Load and save prompt lists

Promptlists are stored within the database but they can be exported or imported in csv
format. The benefit of this format over cut and paste is that it records associated bitmaps
and audio. Exporting the default promptlist exports the associated bitmaps as well as the

csv file.

g AR @@yl

a book a car a a pack a pack

atea a hoot a top a top

gone a peeking a beat a beat
tool.bmp tall.bmp mat.bmp mat.wav

In the csv file
Column 1 contains the prompt text
Column 2 contains the name of any image bitmap

Column 3 contains the name of any audio wav

a

a Default.csv

Currently video avi files are not saved — but will be in column 4 in future versions.

A Wrench, Alan ﬁ = 5| X
| = comments | - Share ~
2

Editing Add-ins  Analyze
- Data

Sensitivity  Add-ins

atop a beat a mat.wav .

@ sutesave (@ off) 31 S Defaultc.. v £ search
File Home Insert Draw Page Layout Formulas Data Review View Automate  Add-ins  Help
X |aptos Namow ~|[11 ~| | = =[=]| % |General ~| ' [E Conditional Formatting~ [ Insert ~
v Uu~-jA A= ~ @B~ % 7 Format as Table E Delete ~
0 B I U A A m % 9 | HBEr Tabl T Del
=4 i e A = = | $ b [ Cell Styles ~ ] Format ~
Clipboard & Font [} Alignment ] Number Styles Cells
Al ~o fx | apack atop a beat amat
A B
1 |apack a top a beat a mat Ja pack atop a beat a mat.bmp apack
2 |abook atea a gone atool abook atea a done a tool.bmp
3 |acar a hoot a peeking atall acar a hoot a peeking a tallLbmp
4
Default - |
Ready ' Accessibility: Unavailable

H M -+ 100%

Csv files will be shown in the bottom panels of the promptlist editor if they are present in

the Prompts folder under the application folder.
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List Image Audic

* Prompt List Editor

Video

The client's prompt lists

Irmage

] a5
- =
Defat _____________|Pywen atop a beat a mat N E
AAADemonztiation
WoCHA a book atea a gane a toal
acar a hoot a peeking a tall
AudioMideo Prompt
Qlé Play &4 Prompt |
| Dther available prompt lists Irmportation Font Irnpart [#] Recard Audia Prampt |

Default

read sewing wood rope. labialised r 001.wav
tourist rug weed run, labialised r 002 wav
boring wok reel car. labialised r 003.wav
rock sorry wheel boar. labialised r 004 wav
curry won rack bar_labialised r 005.wav

rat tearing what fur. labialised r 006 wav
berry rude whale pour. labialised r 007 wav
rot bowing scary pear .labialised r 008 wav

Play A prampt:

* before recording
™ az recording starts
" with delayed prompt

| I~ Set choice as default

Close ...

rail wake wool soaring. labialised r 009.wav
rake carry woah! bear. labialised r 010.wav
row earring rule whack_ labialised r 011.wav

Click the et button to import the prompts and associated images and audio into

the current project. An editor will appear. You can use the editor to change the name of
the list and delete any media files you don not wish to import.

Load Prompt List X

Prompt List Name  [labialised 1

String Prompt Image AN Prampt

read sewing wood rope labialised_r_001 way

tourist rug weed run labialised_r_002 weaxw

boring wok reel car labialised_r_003wav

rock sorry wheel boar labialised_r_004waw

curry won rack bar labialised_r_005waw

rat tearing what fur labialised_r_006way

berry rude whale pour labialised_r_007 weaw

rot bowing scary pear labialised_r_008.wav

rail wake wool soaring labialised_r_009way

rake carry woah! bear labialised_r_010waw

row earring rule whack labialised_r_011waw

Cancel

Edit the currently selected prompt list
To select an existing prompt for editing double-click or click on it and then click again. Edit

: a beat a mat
AddDemonztration
tdaCHA

labialized 1

atea
a hoot

a peeking atan

———

-

To add a new prompt to the end of the list, click below the bottom entry or » right-click
and select add from the menu.
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a pack atop a beat a mat
AfaDemonstration
b o HA a book atea a gone a toal
labialised r a car a hoot a peeking a tall

TIP
Lines can be multiselected using click and drag, <shift>click or <cntrl> click . Use cut<cntrl>x
and paste <cntrl>v options to move groups of prompts to different positions in the list.

e,

bt

» Right-click for a menu of options.

Add Ctrl+M
Delete

Move Up Ctrl+U
Move Down Ctrl+D
Copy Ctrl+C
Paste Ctrl+V
Select All Ctrl+ 4
Duplicate

Randomise

Font ...

Font All ...

Edit Unicode

‘Add’ — adds a new line to the bottom of the list

‘Delete’ — deletes the currently selected line or lines from the list

‘Move Up’ — moves the currently selected line up the list

‘Move Down’ — moves the currently selected line down the list

‘Copy’ — copies the selected lin or lines to the clipboard

‘Paste’ — pastes the conents of the clipboard above the currently selected line
‘Select All’ — select all lines

‘Duplicate’ — copies the selected line to the end of the list

‘Randomise’ — randomly re-orders the list

TIP
To randomise 5 reps of a list. <cntrl>A to select all prompts, then <cntrl>V five times to

—_—

-

duplicate the prompts. Then -, right-click and select randomise.
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Picture Prompts

An image can be associated with each prompt. First create the image using your favourite
program (e.g. Paint, Boardmaker, Adobe Photoshop etc.). This can be a drawing or a
photograph. Copy the image to the clipboard from within that program. Then, from the
Prompt List Editor menu, select ‘Paste’.

* Prompt List Editor
List  Image Audic Video
Load...

mpt |
MNone...

Paste

Copy

Select ‘load...” to browse for an image file. Only *.bmp files are currently accepted It brings
up a dialogue where the file can be selected and previewed.

48 Open x
Look in: [ || Prompts -] « @k @ (780156 @&l

A fiyd DM
a GLATHL

apack atop a apat agear a apink ahook
beat amatbmp team atorebmp atar acan.bmp

N BTN N,

atoe acape aiatoot adding Happy Karen is
deer  acop.bmp atap a baking a cake.bmp

N
c

File name: |a toot adding atap adoombmp
Files of type: |'_bmp j Cancel

™ Open as read-only

Select ‘Copy’ to copy the image from the currently selected prompt. If the current prompt
doesn’t have an image associated with it then this option will be disabled.

Select ‘None..." to remove the image from the currently selected prompt. If the current
prompt doesn’t have an image associated with it then this option will be disabled.
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WARNING: If you change a prompt that has an image associated with it, that association
will be lost (even if you make as simple a change as adding a space or a comma). This is
because the image is associated with the precise text. This also means that if the exact
same text is placed in another promptlist the picture will automatically be linked to it.

Audio Prompts

A prerecorded utterance or sound can be associated with each prompt. To associate a wav
file with a prompt simply click on the line in the prompt list that contains the prompt you
want to link audio to then use the audio menu to:

* Prompt List Editor
List Image Audio Video

ks mpt list:

Mone...

Play

Record

‘Load’ — to browse for a prerecorded audio file. It opens a dialogue. You can use any
windows (wav) file as an audio prompt.

* Cpen *
Look in: | Prompts ﬂ & cF Eg-
s
Mame Date modified 2

=) affricate_stopping_00T.wav 26/0%/2022 11:19

€= affricate_stopping_002.wav 26/09/2022 11:19

=) affricate_stopping_003.wav 26/09/2022 11:19

D affricate_sto pping_00d.wav 26/09/2022 11:19

=) affricate_stopping_005.wav 26/09/2022 11:19

=) affricate_stopping_006.wav 26/0%/2022 11:19 v
File name: |BEEP.‘."-'}-‘\‘-E
Files of type: |'.wav j Cancel

[ Open as read-only

‘Play’ — to verify the audio associated with the selected prompt. Also can click

“ Play &4 Prompt |
@ Pley Lo button.

‘None...” — remove the audio associated with prompt from the project.

[*] Record Prompt

‘Record’ — not functioning. Also click the button.

Video Prompts
Read the instructions above for Audio prompts. Video prompts must be prepared in
separate video editing software and be in *.avi format.
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4 Open X
Lock in: | | | AAAZ21.4 2 | ek Ea-
Name - Date modified
Database 29/06,2024 21:59
DLCModels 26/06,/2024 14:55
Prompts 20/06/2024 18:55
@ Prompt List Editor A ai_half.avi 02/08/2022 15:51
Q TOOMSAVE.AV] 13/03/2024 11:1
List Image Audio Video < >
The Load... ‘is-l-( File name: |ai_hatf zvi
MNone... - Files of type: | avi | Cancel
ﬁai p|3)‘ ™ Open as read-only
ol

Select a prompt in the list and then use the ‘Video’ menu option to load the video and
associate it with the recording.

WARNING: As with images if you change a prompt that has a wav associated with it, that
association will be lost (even if you make as simple a change as adding a space or a
comma). This is because the image is associated with the precise text. This also means
that if the exact same text is placed in another promptlist the audio will automatically be
linked to it.

Choose when to play audio or video
Audio/video prompts default to playing before recording starts. Options are available in the
Prompt Editor to start playing the audio or video prompt at the same instant that the audio
recording starts. Alternatively, it can also be set to start with a delayed text/image prompt
after the recording starts.

Play &% prompt:

{* before recording

(" as recording starts
" with delayed prompt

| Setchoice as default

Delay presentation of text/image prompt
For studies of anticipatory articulation and reaction times AAA can delay presentation of
prompts until some time after recording starts.

Select Options|Settings from the main menu. Select the Utterances tab and the delayed
prompt subtab.
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Articulate Assistant - Options >

Utterances Spectrngram] Fu:urmants] "v’n:uin:eu:l] General] Earstens] Yicon ]

SEtI:rlff::nlr:;ﬂ;ptLen pauze |100 5| mS before shawing prampt
[
Wwhile pauzed, show text |HE-3':|}' ----- and BMP |rE|:I dat.brngl
‘when show oromot. olaw Wik | -l
Recordings ] Continuous  Dielayed Prompt |

k. Cancel |

1. Specify the wait time after recording starts and before the prompt text/image is
displayed.

2. During the waiting time choose to present some text e.g. “Ready...” and/or an
image

3. At the instant the prompt appears, specify an audio file to play. E.g. Play a beep.

If these options are blank they will be ignored.

The PromptList window

The list of prompts will appear in the promptlist window. The window has boxes on the
left. Empty boxes are holders for new recordings. Boxes with crosses have recordings
associated with them. Click on a box with a cross to load the recording. Click on an empty
box or the prompt to enter live mode ready for recording. On the right side are the
prompts. These include prompts from the currently selected promptlist and any recordings
previously recorded with a different promptlist. At the top there are tabs. Each tab
corresponds to a “Session” of recordings made on a given date.

Deleting a recording

o,

Right-click & for a dialog that allows the currently selected recording (box with a cross
with green background) to be deleted. Alternatively, all recordings wit the same prompt
may be deleted or all recordings in the current session (i.e date) can be deleted. Be careful
as this deletion cannot be undone.

Delete recording...
Delete all recordings for session "04/05/2015"...
Delete all recordings for "The price range is smaller than any of us expected.”...

Shortcut to promptlist editor

vcicwtc an ICLUIUIIISD " mic PIILC Idllyc 12 111 gncs wuan Olly VI ud CAPC&!.CU. e
Edit Prompt List...
Eant Coa
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Font size
Change the font size of the prompts in the promptlist if they are too small and difficult to
read. This will also enlarge the boxes.

CUIL FIOUMmpL List..

Font Size...

Cherked ralonr

Change colour of box with cross when selected
The default colour of a box with a cross is green but you may choose any colour.
ront DIZE...

Checked colour...
Chanae Promnt...
Change the text of a recorded prompt

It is possible to change the text associated with a recording after it is recorded. This can be
useful if you have accidentally recorded speech that doesn’t match the prompt.

I TELRSW LIV e

Change Prompt...

Chaw Pramnt lict

Change Prompt X
Prompt |The price range is smaller than any of us expected. j
Change Prompt

¢ Change curent recording
" Change all recordings with this prompt of this client
" Change all recordings with this prompt of this client on this date

Cancel I —?I

Show only current promptlist prompts or only recorded prompts.

Mllalls: "IUIIIPI...-

Show Prompt list
Show Recordings
v Show Both

Session Name...

Set the total number of recordings that can be made for a prompt
In the main menu, select Options|Settings and then the “utterances” tab. Alter the
maximum number of attempts.
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Articulate Assistant - Options X

Utterances ] Speclrogram[ Formantsl Voicedl Genelall Carstensl Vicon I

Recordings Play WaV file

Maximum Attempts | 256 A Start Recording IBEEP.WAV Ll

Magimum Duration [15 =] sec | >top Recording | Ll
ll After |U 3| Secs | |

Recordings [Conlinuous] Delayed Prompt]

6 Cancel |

Adjusting the proportion of the window showing boxes

%' Articulate Assistant Advanced - Project: C:\Users\Alan\Documents\AAAZ21_5_4\Database  Client: W,S - a X

File Edit Options Help | Record Ultasonic | Analyse Ultrasonic | Record Video (Ultrasound) | Analyse Video (Ultrasound) | Record Ultrasonic + Video | Analyse Ul ¢ | »

a pack a top
abeat —  amat

+1 ll [ \L L% /
- b o
e
-
= G-t
2|
24/03/2000 |
L1 a pack atop a beat a mat
LI a book atea a gone ato
a car a hoot a peeking atall
Encyc seldom present anecdotal evidence

Click and drag these
little ticks to see more

L boxes m

| [#] Record | vl

I (G} | ¥ Freeze I
Chan: ¢ 1 (" 2 | AutoAdvance |Scanines=10  PixelsPerScanline =412 FOV =1547 PixelDffset=10 Depth:

The prompt window
The prompt will appear in the prompt window.

WARNING: If the delay prompt option is selected then the prompt won’t be visible in this
window until the specified period after recording starts.
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* Articulate Assistant Advanced - Project C\Users\Alan\Documents\AAAZ21 4 M\Database  Client: EchoB, = O x

File Edt Options Help || Record Ulrasonic | Analyse Ulasonic | RecordVideo Ulrasound) | Analyse Video [Ultrasound) | Record Ulrasonic +Video | Analyse 4 | »

ﬁ + Show Text
e

Show Image
~  Green when recording
Play Audio/AV| Prompt
Font Size )
Edit...
agone a toc Copy to clipboard

a book

e

o Right-click for Promt display options.
‘Show text’ — show or hide the prompt text. By default the text is shown.

‘Show Image’ — show or hide the associated image. By default the image is shown.

‘Green when recording’ — Sets the prompt display background green when the recording
starts.

‘Play Audio/AVI Prompt’ — Plays the associated audio/video prompt. Off by default.

‘Font size’ — Font size can be fixed. By default the font size adjusts automatically to fill the
prompt screen.

w  Show Text
~  Show |mage
~  Green when recording

Play Audio/AVI Prompt

Font Size 3 @ Automatic
Edit... 8
Copy to clipboard 10

14

22

36

43

72

108

Task Windows

There are too many signal analysis windows to fit on one screen. AAA provides Task
Windows configured to present a subset of windows appropriate for a particular task.

R d LIl i
When AAA starts the default Task window is S b suitable for recording
speech audio and ultrasonic (Telemed Micro or EchoB) data. Other task windows are
configured for recording different combinations of data and for analysis of different kinds.

* Articulate Assistant Advanced - Project Ch\Users\Alan\Documents'data\My project  Client: Brown, James

File Edit Options Help || Record Ulrasonic | Analyse Ulrasonic | Record Videa [Ulrasound] | Analyse Video [Ulrasound] | Recard Ultrasonic +Video | Analyse Ulrasonic + Videa

Adjust an existing Task window
Task windows consist of subwindows. For example, the Record Ultrasonic task window is
made up of the following:

Copyright ¥ 2003-2024 Articulate Instruments Ltd 61

CHECK www.articulateinstruments.com FOR THE LATEST MANUAL AND SOFTWARE REVISION.



User guide for AAA ultrasound module software. ~ Document No. AAA_221_12

Menubar - Main menu bar and task bar
| File Edit Options Help || Becord Ulasonic | Analse Ulrasonic Record Video (Ultrazound] | Analyse Video [Ulrasound) Fecord Ultrazonic +Video | Analyst 4 | » |

Prompt display

The price range is smaller than
any of us expected.

Waveform Chart

]l +

Ultrasonic Chart

Prompts/recordings selection window

14.-’04.-’2023] 24.-’04.-’2023] 25.-’04.-’2023] 05/05/2023  19/07/2023

la saw aclown asip ashed

[two witches a sip atoolshed a saw
la zoo a kick messy a shop

la ladder a zip a jewel the fishing

la saw a slipper a sip the shore

la seesaw a yellow ten matches a zoo
la castle azip the gold a desk

la shoe a soup houses asaw

la soup aslide atrain azoo

la saw a biscuit achew a pig

la sip the washing arazor a soup
lazip acircus apuddle atree
latractor a 7on a shin a soun

Ultrasonic display
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Scanlines =64 PixelsPerScanline =842 FOW =101.2 Pixel0ifzet =210 Depth =80mm Frame Rate = 31.55

Menubar — Button bar

[ Play | [+] Record | {s} Continuous 4 GoBack | (] | |
Status bar
|1.53233c: Frame: 39 22080 2 16 "The price range iz smaller than any of uz expected.’ Chan: & 1 ¢ 2 |V Auto Advance

The size of each subwindow can be adjusted by clicking and dragging on the boundary
between subwindows. Any adjustments are not saved unless performed in design mode
(next section). The next time the design window is opened it will revert to the designed
layout.

Design your own Task window
Designing a new task window or permanently adjusting subwindow sizes in an existing task
window is done in design mode. Because this is an advanced function access to this

—_y

function is concealed asa right-click menu option in the application caption bar.
WARNING: A task window intended to record ultrasonic data must have an Ultrasonic
Chart. A task window intended to record video must have a Video Chart.

Entering and Exiting Design Mode
In order to enter design mode click on the caption bar at the top of the AAA application

(“ o

with the right mouse button. Then select the ‘Design...” option in the popup menu.
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* Articulate Assista s\Alan\Documents\data\My project

Restore

File Edit Optiohs Move F Ultrasonic | Record Video [Ulrazound)
Size

—~  Minimise
o Maximise

x Close Alt+F4

Design

Note: If there is more than one window with a caption bar (e.g. The ‘2-screen
Ultrasound + Video’ Task Window) then only the Caption bar with Articulate Assistant
Advanced - written in it has the ‘Design’ option.

The ‘Design Dialogue’ list will then appear.
Mew Chatt MewPanel  MewBar  Mew Dizplayp

To exit design mode without saving any changes simply close the ‘Design Dialogue by
clicking on the X

Save Design Change and position Task Window button
Saving changes must be done before exiting design mode. To save changes made in design

e

-

R
mode, click the “_ right mouse button anywhere in the Task Bar to reveal the popup
menu

S

Click ‘Save “<Task name>"’ (‘Save “Record Ultrasonic”’ in this example). Saving always

(:‘ .

e . .
applies to the currently selected task window regardless of where you - right-click.

Click ‘Save as New Setup’ to copy the current Task Window configuration to a new task
window and leave the current task window unchanged. You will be prompted to give this
new Task Window a name.
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Articulate Assistant >

Create new setup - Name:

Cancel

The new task window button will appear at the far right of the Task bar.

Click ‘Move “<Task name>” left’ to shift the button position left in the bar
Click ‘Move “<Task name>" right’ to shift the button position right in the bar

Note: AAA will always open displaying the leftmost Task Window

Delete a Task Window
To delete a Task Window, first left-click to select the Task Window to be deleted. Then
o~

R
“ right-click to bring up the menu.
Click ‘Delete “<task window>" * (e.g. ‘Delete EPG “Feedback” ’).

Subwindows - Charts, Panels, Bars and Displays

Task windows are made up of subwindows that dock together and can be resized and
positioned to create an ensemble suited to a particular task. Modules fall into 4 categories
as follows:

Charts. Any subwindow which has a display with a time axis .

Voiced

Analysis Values
Palates

Wave
Spectrogram

LPC Spectrogram
Formants

Video

Ultrasonic

Glotto

Panels. Subwindows that do not fall into the other 3 categories

Scatter
Targets

Target Distance
Prompts
Annctations
Prompt
Cartoon

Blank

Bars. Subwindows that cannot be resized in normal operation
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Status
Duration

Menu

Displays Any module with a graphical display, which doesn’t have a time axis

Glotto
Formants
LPC

Media Player
Palate

Plot Values
Spectrurm
Text Values
Ultrasonic
Video
Tengue Shape
Mel F

MFCC

Glossometer

To create a new module, simply select it from the menu in the ‘Design Dialogue’.

e

The ‘Menu Bar’ can be configured further by & right clicking in it to bring up the popup
dialogue (Error! Reference source not found.). The top three options in this popup menu
control the visibility of ‘Menu’, Task ‘Setup Buttons’ and ‘Buttons’. There is a submenu

v Show Buttons

v LCalibrate
v Play

v Record
v GoBack

allowing each of the buttons to be enabled or disabled.

The ‘Palate Display’ also has a popup dialogue to control the visibility of elements of the

v Key
Score
LCumulative

v Comparizon

v Reference Palate

display 2= | The elements consist of:

- Key. Colour scale
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- Score. Variability Index
- Cumulative. Cumulative contact check box

- Comparison. Palate comparison gauge

It is also possible to specify whether the ‘Palate Display’ is a ‘Reference Palate Display’.
Note: Only one ‘Reference Palate Display’ permitted per ‘Task Window’.

Repositioning a module in a Task Window
To rearrange the modules in a Task Window, click and drag the #l in the top left corner of

the window (or the ” at the left edge in the case of ‘Bar’ type modules).

29/06/2024  30/06/2024 ]

|013. The government triumphed fou
1014. He jerked round in an instant t
ITTTTTTI015 Heemphasized his strengths
I T TTTTTI016 The table is made so sloppily t
[T T TT111
FTTT1T T

1017. It was important to be perfect ¢
1018. | ran for cover whilst he hurled

A grey outline that will move about the screen and ‘dock’ in positions relative to other
modules. When you are happy with the position release the mouse button. The relative
size of the module can be adjusted as described in Adjust an existing Task window

A7

i
" %
|
| %
| [l i
N m

(3
H\ ‘asoup the chalk the dolls the sugar (31 /01/02 15:51:22)

It is also possible to move a module so that it exists in a separate window on its own. In fact
this is the state of a new module created by selecting a menu option from the ‘Design
Dialogue’. To get a module to be separate from the main window , click and drag until the
grey outline is not aligned with the other modules (as shown above) then release the
mouse button.

Repositioning modules is an art that improves with practice.
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Deleting a Module from a Task Window
To delete a module from a Task Window move the module so that it exists in a separate

window on its own (as described in the previous section) then close that window by clicking
on the X,

Ultrasound / Video module

The Ultrasonic/Video module is a standard addition to the basic (Audio and EPG only)
Articulate Assistant Advanced (AAA) software that enables the recording and analysis of
Ultrasonic (high frame rate, raw pre-scan ultrasound) data and is compatible with Micro,
Art and legacy EchoB systems (and SonixTouch or SonixTablet Ultrasonix machines running
Exam version 5.7). This module also enables the recording of lip camera or ultrasound
video output through the dfg2USB video capture card (and legacy cards, Adlink Angelo RTV,
Imperx VCE Expresscard|54), or by importing pre-recorded ultrasound video.

The ultrasound module enables the following functions:
e Record ultrasound synchronously with audio (hardware required)
e Import AVI format ultrasonic/video files
e Review and play back ultrasonic/video sequence
® Add splines and set conversion scale for mm measurements
e Calculate and display analysis values based on spline distances and shapes
® Export spline data in Euclidean or Polar co-ordinates
e Export analysis values for labelled time points
® Export ultrasonic and video movies in AVI format

® Provides a workspace for superimposing, averaging and comparing tongue curves
which have been extracted from different time points or recordings

e Export raw Ultrasonix/EchoB/Micro data for further analysis
e Carve vocal tract boundaries from tracked contours.

e Perform live tracking of lip or tongue contours up to 40 frames per second

QuickStart: Automatically spline recordings
The Edit Splines dialog is the interface for creating and editing splines based on either

o

R
ultrasonic or video data. To access the Edit Splines dialog, “-— right-click on the ultrasonic
display in any task window or the video display.
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Show Ultrasonic
Ultrasonic Setup ¥
Save as Template

Copy Bitmap

Make Movie...

Splines | KeyFrames | Fit Spline | Adjust 2D Spline | Fit Hyoid Template] Batch ]

Edit Splines...

There are na splines far this recard. Click Mew Spline ~  Show Splines

to create a spline with a keyframe at this time.

Show Fan

Spline Workspace...

Fan Setups...
Overlay ¥
Mean Image
Optical Flow b
Image ¥

Rotate Video ...
De-interlace Video...

Save Frames to Database

Add Knot

Save and Cloge | Dizcard Changes |

Mew Spline |

Delete Knot

Scanlines = B4 PixelsPerScanline =842 FOW =101.2 PixelQffset = 210 Depth = 80mm  Frame Rate = 81.55

Note

Ultrasonic and video data streams are stored and processed separately and when splines
are generated they are associated with either video or ultrasonic. This prevents lip video
splines appearing on an ultrasonic tongue image and vice versa.

DeeplabCut Batch Process

It is recommended to use the fully automatic DeeplLabCut Batch processing to spline every
frame for every recording in the session that has just been recorded. There are different
models for splining tongue contours or front facing lip camera. If you have an ordinary CPU
processor then this might take as long as 20 times real time (i.e. 30 minutes of recorded
might take 10 hours to process). For a faster processor more like 8 x real-time ( i.e. 4 hours
for 30 minutes of data) and if you have an NVIDIA GPU configured then more like 2 x real-
time (i.e. 1 hour for 30 minutes of data). This process will estimate the contour at the
timepoint when the ultrasonic/video frame is generated and the spline will be linearly
interpolated for time points in between.

1. Use the batch sync process (see separate section) to make sure all your recordings
are synchronised for audio-video and audio-ultrasonic.

Note

Ultrasonic data is only synchronised when viewed for the first time and video data is not
automatically synchronised. Both require explicit batch synchronisation to be sure.
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Akl
pailii WHWWWH‘MWNMWWW%W

LA LR L AL L

Tick marks above ultrasonic chart should line up with pulses on channel 2.

2. Select the Fit Spline tab

By default the Autofit method should be set to DeepLabCut and the keyframes

region should be set to All of recording. The

DeeplabCut Settings

button will take you

to a dialog to select the appropriate model. It defaults to the best tongue model so
if you want to estimate lips you need to click this and change the model. Click

Goto Batch DeeplabCut Settings |

Chooze Recordings
3. Under the ? l

subtab make sure the

or click the Batch tab.

Recordingz

button is

. Change Filter . .
selected and click the button. Then set the filter to Current client
and All recordings. The box will then show all the recordings for the current client.

Edit Splines Edit Splines hat
Spl\nes] KEyFramas] Fit Spline] Adjust 20 Sp\ine] Fit Hyuidl Template Balch] Sphnes] KeyFrames] F|t5plme| Adjust 20 Spllne] Fit Hyold] Template Batch
Chaoss Recordings ] Process Eatch] Changs Splmes] Choose Fecordings l Process Batch] Change 5plines I

Choose the recordings or annatations to which to fit splines Chaose the recordings or annatations to which ta fit splines

’?dings Annotations Change Filter ’m Annotations | {Change Fiter

(24/04/2023 16:54:30) "We have proof that the regime wields sufficient (24/04/2023 16:35:14) ' The price range is smaller than any of us e ~
(24/04/2023 16:37:35) 'They asked if | wanted to come along on th
(24/04/2023 16:50:42) ' The price range is smaller than any of us e
(14/04/2023 15:04:54) 'The price range is smaller than any of us e
(14/04/2023 15:05:20) ' They asked if | wanted to come along on th
[14/04/2023 18:01:15) 'The price range is smaller than any of us e
(14/04/2023 18:01:22) ' They asked if | wanted to come along on th
[14/04/2023 18:01:31) " Amongst her fiends she was considered be
(14/04/2023 18:01:43) ' The smell of the freshly ground coffee never
[14/04/2023 18:01:52) "I'm often perplexed by rapid advances in stz
(14/04/2023 18:02:00) ' John could lend him the latest draft of his w
(14/04/2023 18:02:11) "From forty love the score was now deuce ar v

Save and Close | Discard Changes | Save and Close | Discard Changes
Process Batch
4, Select the subtab.
70
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Edit Splines >

Splines] KeyFramesz | Fit Spline] Aduzt 20 Spline] Fit H_I,u:uiu:ll Template Batch

Choose Recordings  Process Batch ] Change Splines ]
“When load a recording,
k.eep the existing zplines bethod:DeeplablCut

Then n the DLC model: | Tongue [17pt), Hyoid, Mandible, Shorttendaon [+3)

Spline eveny ultrazound frame

Qwenarite existing zplines

Then track [will be created if non-existent] DLC_Tongue
I DLE_Hyoidk andible
DLC_Shorttendonbd andible

Tongue Tip iz pointing:

" Left @ Right

[ Delete All Splines First

[v Owenarite | Already Exists

[ Monitar Progress

Process | | |

Save and Cloze | Discard Changes |

Check that the specification at the top confirms
® you are using the DeeplLabCut method
® You are using the Tongue model if ultrasonic or Lip model if lip video
e |tis set to spline every ultrasound frame.

If you have recorded the ultrasonic data with the tongue tip pointing left then
Tongue Tip iz pointing;
change the radio button © Left & Right . Check all the spline options

DLC_Tongue, DLC_HyoidMandible, DLC_ShorttendonMandible.

If you check Lo $ The ultrasonic display will show the estimate for
every frame as it is calculated. This will slow down the splining hugely but you can
switch this off while the splining is in progress so it can be useful to check that the
estimation is working as you expect.

Click & to start the automatic fitting.

Hand correcting 2D (DLC) splines

DLC splines are freeform splines with no restriction in shape. They are referred to as 2D
splines in AAA.
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After automatic splining is complete, every ultrasound frame or video frame will have a
spline keyframe with a unique spline. It is possible to manually edit these from the
keyframe tab.

Splines  FeyFrames l Fit Spl\ne] Adjust 20 Spline] Fit Hyoid] Template] Batch ]

-32-50 7 Add Keyframes Copy Spline
e " Single keyframe T e
3273 @ Every Nih US fame 2

3285  EveryNmSec To Publisher

1 | Frames To Cliphoard
3309 Iv Align to ultrasonic frame
3322
33 Delete curent heytiame |

_33_45 ‘when spline has single keyframe
3358 2
337
333 bt
Keyframes Fegior
i All of recording
" Current time only

(™ Select of recording | p| ¢;_Tangue {DLC_Hyoidbandible | [E¥

Save and Cloze | Dizcard Ehanges|

Scanlines =64 PiselsPerScanline = 842 FOV =101.2  PixelOffset = 210 Depth = 80mm  Frame Rate = 81.54

To select a single keyframe:

1. Make sure the 'DLC_Tongue/l spline tab is selected. Use the [EI#] buttons if it
is not visible.

2. Click on atime in the list on the left. The spline will then turn orange to
indicate that it has been selected.

3. The DLC_Tongue spline is controlled by 11 knots (control points) represented
by ticks along the contour. Click near a tick and drag to move it around.

Tip
If you hold down the <ctrl> key, then click and drag on the ultrasonic display, a contour will

be drawn with the same number and relative spacing of knots, starting where you first click
and ending where the drag ends. You can use this to hand draw the entire contour.

Moving and rotating 2D splines
The Adjust 2D Spline tab offers controls to translate and rotate whole splines. This is not
very useful for tongue or lip splines and more often applied to fiducials (see Fiducial Spline
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section). There is also a snakes algorithm. This is intended to iteratively adjust the selected
2D spline to fit to the nearest bright edge. This function is not recommended. Used
sparingly (clicked a couple of times) it may move the spline closer to a bright edge but
extended use will distort the spline shape. See Appendix B for description of Algorithm.

The _Advanced | button reveals the parameters for adjusting the Snake algorithm behaviour.
But this bright edge hunting algorithm is inferior to DeepLabCut and discouraged. The

Track Ultrax button has been deactivated.

Splines] KeyFrames} Fit Spline  Adust 2D Spline lFit Hyoid] Template] Batch ]

Autfit  Advanced
f Move Sphine Manually
3.260
3am t
3285 <+
¥

:3féé2 Q j

733
1346
3358

[ Move al keyframes simultaneously

v Attract Snake
K.evirames Regior
Al of recording
™ Current time only

wiorks with current kepframe only
Track [Ultraz]

" Select of recording ™ pLC_Tangue {DLC_HycidMandible R

Save and Cloge | Dizcard Changes |

Scanlines = 64 PixelsPerScanline = 842 FOV =101.2 PixelOffzet =210 Depth = 80mm  Frame Rate = 81.54

Edit Splines

Splines] KeyFrames] Fit Spline  Adjust 2D Spline l Fit Hyoid] Template] Batch ]

Autafit || Advanced

Search for Move knots

{* Both edges ™ Right edge q =
peed 0030 &

™ Left edge " Brightness

Feature repulsion 0800 5

Mean

Edge 255 Eright

| J Search-lines
count |5 = per segment

Search-line length

from |20 | to 5 &

in |10 3| steps

*

Save and Close | Dizcard Changes |

Converting 2D splines to fan splines

This is not a recommended process as there are better ways to analyse splines but it
provides a route to exporting polar coordinates.
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Click on the Batch tab then the Change Splines subtab
Select the DLC Tongue spline

Select Convert to Fan Spline

P oW N R

A submenu will appear with preformed fans with different origins and extents. The
fan designed to fit the ultrasonic data with origin at the probe origin.

Edit Splines

Splines KeyFrames] Fit Spline | Adjust 2D Splinel Fit Hyoidl Template Batch l

Choose Recordings ] Procesz Batch  Change Splines ]
Splire 1 Change Splinesz
O ™ oo [
i e [ Penwidh[t 3
1 DLC_HyoidMandible B ipevs BN =]
DLE_Shorttendontd andible [~ Rename W

DLC_LipUpperlnner
DLC_LipLowwerlnner [ Hide [ Show
DLC_LipLowwerQuter

[~ Delete

Fan Setup ;] me D7.55 PAL 108degrees
ultrasonix D8.0 112.5deg
Ehenas ol | DP6600 D7.55 120deg

sonix D90 1044° FOV 20mm Radius

Save and Close | Discard I:hanges| sonix D70 139.94° FOV 10mm Radius

sonix D80 90.24A° FOV 20mm Radius

_ ‘, SDnIx Dgﬂ 101.2&“ Fovzﬁmm Radlus

5. Check the Choose recordings tab has selected the recordings that you want to
f:!::hange Filte

convert. Use the Lt to change the selection.

Edit Splines *

Splines KeyFrames] Fit Spline] Adjugt 2D Spline] Fit Hyoid] Template Batch
Choose Recordings l Process Batch] Change Splines]

Choose the recordings or annatations to which to fit splines

Recardings Anhotations |

(24/04/202316:35:14) 'The price range is smaller than any of us e» A
(24/04/2023 16:37:35) 'They asked if | wanted to come along on th
(24/04/2023 16:60:42) ' The price range is smaller than any of us e
(14/04/2023 15:04:54) ' The price range is smaller than any of us &
(14/04/2023 15:05:20) ' They asked if | wanted to come along on th
(14/04/202318:01:15) ' The price range is smaller than any of us e»
(14/04/202318:01:22) ' They asked if | wanted to come along on the
(14/04/2023 18:01:31) ' Amongst her friends she was considered be
(14/04/202318:01:43) ' The smell of the freshhy ground coffee never
(14/04/2023 18:01:52) "I'm often perplexed by rapid advances in stz
(14/04/202318:02:00) 'John could lend him the latest draft of his w
(14/04/202318:02:11) "From forty love the score was now deuce ar v

Save and Cloge | Discard Changes
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Change All

6. Return to the Change Splines subtab and click

Note that choosing this fan origin can result in loss of tongue contour where it is
parallel to the fan axis (red circle above).

7. Instead, create a new fan with its origin at the short tendon. This will guarantee the

_——

-

whole contour to be converted. “_ Right-click and choose fan setup.

8. Change the fan name to Short tendon. Set the cyan length measure from top to
bottom of display and set length to ultrasonic depth + probe radius. Make sure the

pharynx and dental labels are the right way round. If not, use sy button.
Click and drag the fan origin to the short tendon.
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ArticAsst - Fan Setup

Fans l Colours |

T ame Farr
short tendon Origin 0.BBE ., 0.211

Apngl 700 |R10.0 5
Ruler nae i
Length [33.952 2 [ Ewven Mirrar

Faste from current spline
MNew | Load | Delete | -
Copy to current spline

Save and Close | Dizcard Changes |

Scanlines =64 PixelsPerScanline =842 FOV=101.2 PizelOffset =210 Depth = 80mm  Frame Fate = 81.54

9. Run Convert to fan spline but select the short tendon fan that you have just
created. The resulting converted spline completely matches the original Tongue
spline. It is also based on an anatomical origin which will be consistent across
sessions rather than a probe origin which may be in a different position.

Exporting splines
While there are many spline analysis options within AAA, splines may also be exported for
analyses in R such as GAM
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Ultrasound Display

Appearance and functions associated with the ultrasonic display are accessed viaa "
right-click popup menu. It looks very slightly different depending on whether a recording is
loaded or it is in live mode ready to record. In live mode the Mean Image and Optical flow
settings are not present.

~  Show Ultrasonic
Ultrasonic Setup >
Save as Template
Copy Bitmap
Make Movie...

Edit Splines...
~  Show Splines
~  Show Fan
Spline Workspace..
Fan Setups...
Overlay ¥

Mean Image

Optical Flow 3
Image -]
Rotate Video ...

De-interlace Video...

Save Frames to Database

Add Knot

Delete Knot

Controlling appearance of the ultrasonic display

The ultrasonic image can be controlled to adjust the brightness and contrast, elements
such as splines, fan grids or the ultrasound image itself can be made visible or invisible and
background colour can be changed to suit publication requirements

Show ultrasonic, splines, fan
Click these menu entries to toggle visibility in the ultrasonic window. Ultrasonic windows

in other task windows will not be affected. If there are no fan splines associated with the
current recording then no fan will be shown regardless of the “Show fan” setting.

Display options dialog
The background colour can be changed using the Display Options subdialog
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~  Show Ultrasonic

Display Optiens + Live Tracker... Ultrasonic Setup >
Ultrasonix.. Save as Template

EcheB, Micro & Art... Copy Bitmap

Sync Recording... Make Movie...

The Interpolate scanlines (default) option can be switched off to view the scanlines that
are interpolated to fill the gaps in between. It is representative of the raw data from which
the image is created.

The Show raw ultrasonic display option shows a floating display of the raw scanline data
before it is fanned out.

The Draw ultrasound faster option only affects the live display and is explained in the
section on recording data.

The Brightness and contrast controls adjust the image appearance. They change the image
that is sent to DeepLabCut and so the settings can have an effect on the accuracy of the
spline contour estimation. Medium values for Brightness, contrast and Enhance contrast
are recommended. As is a low rejection value. Enhance contrast shifts the contrast to apply
to the region near to or far from the probe surface.
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The above image shows high contrast and rejection. These settings are not recommended
due to a loss of information in the image.

The Apply dynamic resolution function is not recommended. It was introduced as a means
to speed up drawing and consequently speed up live spline fitting but it has an
undesireable effect on image scaling.

The Filter tab offers a range of image filtering techniques. They were introduced to provide
options for reducing speckle and creating a subjectively more pleasing image. However we
recommend not using any of the options for analysing data with the exception of Use
dithering to anti-alias which improves the interpolation of the raw data. All of the other
filters distort the image data and, as with the brightness and contrast controls, they will
affect the performance of DeeplLabCut.

Ultrasenic Display X

Display ~ Filter | Live Tongue Tracker | Live Hpoid Tracker | Live Mandible Tracker

Temporal Filkers
* None

Spatial Filters

You can use one tempaoral
filter and multiple spatial
filters at the same time.

¥ Smoothing (Recurisve Bilateral Filter
 Average

[~ Edge Filter
e i [Filters are applied in the
v Use dithering to anti-alias ecen order: Temporal -» Edge
" Square Difference -, Smoothing -> Dithering]
|15 3‘ — Hange

m SpatlaI] Smoothing Sigma coefficients (only affects Recursive Bilateral Filtering)
>l

|2 3, Averaging coefficient [only affects temporal average]
|5 v | Median diameter [only affects temparal median]

|2U 3 Edge filter sample area size [only affects edge filker]

|2 3. Range of past frames [only affects square diff.] Reset all values on this page to defaults

The above application of smoothing reduces speckle but spreads pixels and can reduce
DeeplabCut accuracy.

EchoB Micro & Art

Image (Zoom)
The image submenu allows the ultrasound image to be zoomed in or zoomed out.
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~  |mage limited to input resclution Image »
Zoom In Rotate Video ...
Zoom Out De-interlace Video...
Mo Zoom Save Frames to Database
Move Image Al Kot
SRR Delete Knot

Image limited to input resolution (Fit to window) limits the image so that the image is
never stretched to fill the display window. Checking this setting, the image is shrunk to fit
the window or if the window is larger than the image, it will be padded with white space. If
the option is unchecked then the image can be stretched beyond its true size to fill the
window. In practice, Micro ultrasound images have around 900 pixels per scanline and so
will nearly always fill the window without stretching the image. i.e. the image is nearly
always shrunk to fit the display window.

Each time Zoom In is clicked the image will zoom in by 20%
Each time Zoom Out is clicked the image will zoom out by 20%
No Zoom resets the image to unzoomed standard view

Once zoomed in, select Move Image then click and drag on the image to change the part
that is visible. It only activates one-shot click and drag. Click on Move Image again if further
adjustment is required.

Zoom will be remain set while a recording is being analysed but defaults back to unzoomed
when a new recording is selected. If a different behaviour is preferred, please contact
Articulate Instruments and we can adjust.

Rotate and Rotate video... — currently do not do anything. Please contact Articulate
Instruments if this function is desired.
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Mean image

The Mean image option was intended to provide an averaged ultrasound image for the
selected region but has not been implemented. Please contact Articulate Instruments if
this function is desired.

Optical flow
Optical flow is intended to indicate the frame-to-frame shift in pixel direction and so might

be expected to indicate internal as well as surface tissue movement. There are two ways
to display this movement, either by vectors or by colour.

Scanlines =E4  PiselsPerScanline = 346 FOW =101.2  PizelOffeet =210 Depth =30mm  Frame Bate = 81.54
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Scanlines = 64 PixelsPerScanline = 946 FOW =101.2 PixelOffset = 210 Depth = 90mm  Frame Rate = 81.54

Note

In practice this function is not considered to be very useful as speckle can be generated by
internal reflections. Speckle artifacts of this type do not directly correspond to movement
of internal tissue structure. Optical flow has therefore not been extended to allow the
export or analysis of flow values. Please contact Articulate Instruments if extension of this
function is desired.

Fan Setups...
Overlay -]
Mean Image
Optical Flow ¥
Image -]

The Optical flow Edit dialog provides control of the algorithm.
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Optical Flow >

Between Fan Vectors [x] Along Fan Yectars [v]

Patch Width |52 to +2) v| || Patch Height 520 +2) v

Patch Search Offset |5 (-2 to +2] v| || Patch Search Dffset |5 (-2t +2) |
Subzample 1in M |1 5 ﬂ

Algorithm Drawing

" Best Corelation Draw AsVectors [

{* Mean Correlation Vet o |1 j

" Mean Covarance = R =

T cancel |

The algorithm works as follows. The analysis is not performed on the interpolated image
but instead it operates on the matrix of raw ultrasonic scanline data of size Scanlines x
PixelsPerScanline. Typically with the Micro this is a 64x946 matrix of pixel values. Because
the number of pixels along the scanlines is 14.7 times the number of scanlines, it is
recommended to decimate the number of Y pixels by 15 so that the image is represented
by a 64x63 matrix of pixels. i.e. set Subsample 1 in N to 15. This also speeds up the
calculation. Scanlines are referred to as “Fan Vectors” in the dialog. The size of the patch is
defined by Patch Width x Patch Height. A 5x5 patch is recommended. A patch iin the
previous frame is then correlated with all the patches in the current frame within the range
of relative positions Patch Search Offset (x) and PatchSet Offset (y). In the example below
the patch is 3x3 and the offset shown is (2,-3). The the "best" patch is the one with the

e Best Correlation — Finds the offset with the highest correlation and sets the flow
vector according to the direction and distance of this offset.

e Mean Correlation — Sums vectors for all possible offsets with magnitude defined by
their correlation values, then divides by the sum of all the correlation values to find
the direction and magnitude of the mean of all possible offsets.

e Mean Covariance — as previous but using covariance rather than correlation
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The vector period sets how densely the arrows/colour blocks are plotted. Set vector period
=1 for best coverage. Set vector period to a higher value for sparser drawing of arrows.

The approach implemented here doesn't deal with the problem of edges. If you have a
moving edge, correlation will only show movement perpendicular to the edge. It won’t
indicate movement parallel to the edge.

In the image below with the settings in the dialog example image above it shows yellow
indicating anterior tongue is lowering and purple indicating the posterior tongue and hyoid
are retracting. Arguably, short tendon to tongue keypoint distance measures show this
more clearly and measurably than optical flow.

Scanlines =64 PixelsPerScanline =946 FOY =101.2 PixelDffeet = 210 Depth=90mm  Frame Rate = §1.54

Copy Bitmap

This function copies the visible ultrasonic or camera video image as it appears on screen at
the screen resolution and places in on the clipborad.. For a higher resolution, use the grab
bars to enlarge the footprint of the ultrasonic/video window within the task window, then
click copy bitmap. To copy into a document or powerpoint simply click paste.
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Note

Copy Bitmap does not copy Optical flow or Overlays. It only copies the image and any
visible splines.

Make Movie

The make movie dialogue allows the whole or selected part of the currently loaded
recording to be exported as a movie (with sound) in avi format. This function is intended
for creating movies with combined data streams e.g. ultrasonic and lip camera together, to
add to a presentation. There is a separate export files dialogue for batch exporting whole
files of ultrasonic or camera video and a separate export data dialogue for batch exporting
annotated regions of ultrasonic or camera data as videos.

QuickStart: Make movie
1. To save the entire recording, make sure the cursor in the wave window is selecting

a single point in time. To save a region of the utterance, select that region by
clicking and dragging in the waveform window.

V| Show Ultrasonic
Ultrasanic Setup
Save as Template
Copy Bitmep
Make Movie...

Edit Splines.
Show Splines

Show Fan
Spline Warkspace...
Fan Setups..
Overlay

Mean Image
Optical Flow
Image

Rotate Video ...
De-interlace Video..

Save Frames to Database

Add Knot.

Delete Knot

—_

-
2. Next, “_/right-click in the ultrasonic or video (or EPG) window and select Make
Movie from the popup menu to show the dialog.
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Articulate Assistant *

Filenarne:
|C: “UsershdlaniDocuments'WA48221_4_2\ExportedFile  Browse

Presentation
Frame: rate
{* 25 fps for presentation " 81.53fps Ulrasonic frame ra
Speed
+ Real Time w2 glower " ud slower
Show [arrange windows by dragging)
EUlrasonic EHideo
F Splines O Splines
O Fan O Fan
Formant
EPG
Spectum
Wi ave
Spectragram Chart

[v Outline Movie Windows Background :
Size

Video Width  |720 #| Height [320 =]

Cancel |

3. The filename will default to <AAA folder path>\ExportedFiles\AVI.avi.

4. The Frame rate will default to 25 which is sufficient for a presentation video and
saves space but you can choose to export at the frame rate of the data stream you
clicked on to bring up the dialog. In this example we clicked on the ultrasonic
display so the frame rate option is every ultrasonic frame.

5. You can configure the layout of the movie image by clicking on a panel and moving
it to a different position. Or to remove it from the layout, drag it to the list on the

right. To add a display type drag it from the list on the right onto the layout in the
position you want it.

6. Set the resolution of the output. 720x540 is most reliable for good detail in a 4x3
aspect ratio. Or 320x240 is the size of the video needs to be smaller.

Note

AAA uses Video for Windows to export videos and it refuses to export some resolutions

sometimes. For example 640x480 often generates a MEMORY error. IN such cases, try a
different resolution.

7. Click The processing subwindow will appear and process every frame.
Then a window will appear where you should select x264vfw codec for exporting
the video as this generates smaller files without losing detail.
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Processing *
Please wait. Processing Frames. ..
frame 167 of 168 Video Compression o

Compressar: OK I
Full Frames {Uncompressed) ;I Cancel |
Intel YUY codec ~

Intel I'YUY codec Configure. .. |
Microsoft RLE

Microsoft Yideo 1 About. |
x264viw - H 264/ MPEG-4 AL

Full Frames (Uncompressed) ¥

8. Click in the Video Compression widow and the file should save to the
location specified in step 1. If you get an error, try a different resolution in step 6.

Refining the Movie

I~ Outine Movie Windows 406 not do anything. If you would like this feature then contact

us.

A default 4x3 aspect ratio may result in an untidy arrangement of windows in the resulting
movie.

Articulate Assistant x
rFilename
C:hUsershalaniDocuments\aAA221_4_AM\ExportedFile  Browse
I _I A AVl.avi - VLC media player - [u] X
Media Playback Audic Video Subtitle Tools View Help
Presentation
Frame rate
& 25 fps for presentation = 81.53fps Ulrasonic frame la‘
Speed
& Real Time %2 slower  wd slower ‘
~Show [arange windows by dragging——————————————
EUlkrasonic HYideo w
E5plines O Splines ave
Fan OFan
Forrmant
EPG
Spectium
Spectrogram Chart
[~ Outline Movie Windows Backgiound |
 Size
Widea Width |?2U 3" Height |540 3" g
| SRS T
4x3 Aspect ratio looks untidy with ultrsound an lip video not in line.
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Articulate Assistant x

Filename
IC. Y zershtlant\Documents\&44221_4_M\ExportedFile  Browse |

Presentation

Frame rate
& 25 fps for presentation = 81.53fps Ulrasonic frame la‘ =
A AVlavi - VLC media player - u} X
Speed
* Real Time 7 %2 slower vl dlower ‘ Media Playback Audio Video Subtitle Tools View Help
[ Show [arange windows by diaggingl |
EUlrasonic EVideo W
E5plines O Splines ave
an O Fan
Formant
EPG
Spectium

Spectrogram Chart

[ Outline Maovie Windows Background : |
iz
Widea Width  [720 2] Height [320 IS

w 00:04 - - . 00:06
i C: | M| T o — Iy e
HEEEN > mn e (5]5)% o ]

Change aspect ratio to for example 9x4 so the ultrasound and lip video fill the screen

Articulate Assistant x

rFilename
IE'\U sershélantDocuments\asAZ21_4 MEwportedFile  Browse

I Presentation

Frame rate:
+ 25 Ips for presentation i 81.53ps Ulrasonic frame ra| =
A AVLavi - VLC media player - ] X
Speed
& Real Time ™ %2 slower x4 slower | Media Playback Audio Video Subtitle Tools View Help
Show [arange windows by dragging————————— (& £ .
Ellasonic EViden w i
[ 5plines O Splines ave
an OFan

Farmant

EFG | >

Spectrum .

¥ =
-

Spectrogram Chart

I~ Outling Movie Windows Background : _

Size = - - "
Videowidth  [720 3 Heignt [320 = | e 7#;7L R
_Ceed | > w3 [S5]% =
Change the background colour to match the ultrasound background.
Overlays

An overlay is a curve or marker that can be drawn on top of a live video or ultrasonic image
stream and is primarily intended for facilitating the use of ultrasound as a speech therapy
tool. Our sister application SonoSpeech is much better for this purpose so we no longer
recommend using it in AAA. However, it is fully functional.

It works as follows.

If you have a live display, Select Edit from the submenu. If you are applying overlays to
recorded data for the purpose of creating an image for a presentation then check the
Enable with recordings option first. Then the Edit option will appear.
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~  Show Ultrasonic
Ultrasonic Setup >

Save as Template

Copy Bitmap
Make Movie...
Overlay *
Edit Splines...
" Show Splines
~  Show Fan
Spline Workspace...
Fan Setups... Add
Overlay > 4k Spline | &b Palate | 4k Marker | == g |
Mean Image
) Marker
Optical Flow »
| [0 &|=|-==|0|6|2 Load |
mage 3
Rotate Video ... ol@ @ on ’ * “
De-interlace Video... @lo 9 9 9 x E '$'
Save Frames to Database 90 a6 60 X v =
Add Knot 2 | B2 NV IR A
Delete Knot

b ark.er

Click on . This will immediately add a marker symbol to the ultrasonic display.
Click and drag the marker to where it is required. To change the marker, clik on it in the
ultrasound window and then click in the dialog on a different marker symbol.

Colour
Click on the button to change the colour.
Orverlay X || Overlay *
M arne Colour I arme: Calour
Overe | ||| e —
—Add ~Add
Splinemé gk Palate | gk Marker | L | gk Spline | gk Marker | L |
—Spling Database— —Palate Database—

K.riots IB vi Load |
W Save | Save |
Move

Mowe Al Delete | Delete |

Cloge | Cloge |

Load |

Spline
Click on tho add a freeform spline. It defaults to having 6 knots (control points )
Click near a knot to move that knot position and change the local shape.

To remove a marker or spline click on the titem in the ultrasonic wingow then click
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Scanlines =4 PixelsPerScaniine =946 FOW =1012 PixelOffset =210 Depth = 90mm  Frame Rate = 8153

Fan Setups

As well as freeform “2D” splines used by DeepLabCut, AAA has, for two decades, based
ultrasound analysis on splines that are tied to a fan (polar) grid. The AAA fan grid has a
fixed number of 42 radial axes and the shape of the “fan” spline is controlled by 42 points
that are constrained to lie on these axes.

If you use the Art, Micro, EchoB or ultrasonix systems then AAA automatically generates a
fan grid with origin at the probe origin; an angular range that matches the set field of view;
and a pixel-to-mm scale derived from the depth setting.

The fan Setup dialog also permits a fan grid to be configured manually. This is necessary if

the ultrasound data is video based. It is also useful, as previously described, if you wish to

convert DeeplabCut 2D splines to fan based splines so that polar co-ordinates can be used
for further analysis.

Different fan grids and scales will be required for each new ultrasound machine and even
for the same ultrasound machine with different depth settings and field of view (fan
angles). The fan setup dialog allows any number of different setups to be created and
saved.

The Fan Setups... dialogue can be initiated from the video display popup menu or from the
ultrasonic display popup menu.

Edit Splines...
»  Show Splines
~  Show Fan
Spline Workspace...
Fan Setups...
Overlay >

hean lrmane
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ArticAsst - Fan Setup

Fanz | Colours I

REIT Farr
Isonix Dan101.24° FOV 21 || Origin 0,500, 0.000
Angle B BT
Rule
’V Length |99.952 5, ¥ Ewven Mirrar |
Faste from current spline |
New I Lo | s | Copy to current spline |

# Discard Changes |

Scanlines =64 PixelsPerScanline = 946 FOV =101.2  PixelOffset = 210 Depth = 90mm  Frame Rate = 81 53

For Video data (or ultrasonic data recorded with revision 214 or earlier of AAA) the
following steps are required.

MHew

Click to create a new fan setup. Then type the name of the fan setup,
replacing the default name which has the form ‘Fan Setup # with something more
informative. It is advisable to include info on the model of ultrasound, the depth and the

sector angle.

Artichsst - Fan Setup

Fans | Colours I

M armne Fan
IFan Setup 10 Origin 0,500, 0.000
Angle -45% 457
Ruler
’7 Lergth IE.EIEID 3,, [+ Ewen Mirrar |
Faste from current spline I
Load | Delete =
Copy to current spline I

Save and Close | Digcard Ehangesl

Click on Mirror Ito change the side of the fan marked “Dental” to match the
orientation of the tongue in the image.
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The fan angles can be adjusted by clicking and dragging the control points " or by
typing values in the “origin” and “Angle” edit boxes. The origin of the fan can also be
moved by clicking and dragging its control point.

Note

The co-ordinate system is normalised. x is always 0 at the left of the image and 1.0 at the
right. Y starts at 0 at the bottom of the image. The y value at the top of the image will vary
depending on the aspect ratio of the image but it retains the same scale conversion from
pixels as defined by the x-axis. i.e if the image is 640 pixels wide and 480 pixels high then
the top of the image will be 480/640 = 0.75.

i=|
Dental

Note

The probe origin in ultrasonic data is always [0.5, 0.0 ] but in video based ultrasound
images it can be in a different position. When converting DeepLabCut splines we
recommend using the short tendon as the origin rather than the probe origin.
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Creating fans for video-based ultrasound
The ruler (vertical cyan line on left of image) and Length value combine to define the scale

in mm. In video based ultrasound the cyan line should be adjusted so that the top and
bottom align with scaling tick marks that usually appear down the side of the Video
ultrasound image and indicate the depth in centimetres. Once aligned, count the number
of ticks and enter the length of the ruler in mm in the ruler length edit box in the fan setup
dialogue.. This sets the scale for any measurements made within, or exported from, AAA.

Adjust Ruler X

Edit Ruler | Apply to | Batch |

Length |70.0 :]
Coou [T |
Ok

Once complete, click to save the setup. You can also edit setups but be
careful if you have already used a setup to create fans for analysis of some recordings then
changing it will obviously change the basis upon which further recordings are analysed.

The colours tab permits the appearance of the fan to be changed.

it information
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Note:

It is only necessary to create one fan setup for all recordings if the ultrasound setup is
not changed but if you change the depth setting remember to create a new setup with
and adjusted scale for your real world measurements to remain correct

Creating fans for Art, Micro, EchoB or Ultrasonix data
In ultrasonic data, the easiest way to set the scale manually is to set the cyan line from top

to bottom of the image and set the length to depth+probe radius.

Scanlines = 64 PixelsPerScanline = 946 FOW = 1012 PixelOffset = 210 Depth = 90mm Frame Rate = 81 .53

Creating fans with unevenly spaced axes
There is a facility to have an unevenly spaced fan grid. The thinking behind this is that

specific fanlines could be assigned to align with palatal regions such as dental, palatal, velar
etc. A higher density of fanlines could be assigned in the alveolar and post alveolar region
allowing more closely defined curves in this region where the tongue tip is very flexible.

If the " E¥en checkbox is unchecked then the Video display will appear with seven control
points appear rather than the default two (Dental,Pharyngeal).The “Angle” edit box will
change from showing a pair of values defining the start and end of the fan to showing a
single angle value associated with whichever of the 42 axes is selected. The angle can be
changed by editing this value or by clicking and dragging on the display.

IN PRACTICE THIS OPTION HAS NEVER BEEN USED.
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E Rueen Margaret University
= Name: TD:
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Depth ' 7.55
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FAN GRID SECTOR ADJUSTMENT

In ultrasonic data, the easiest way to set the scale manually is to set the cyan line from top
to bottom of the image and set the length to depth+probe radius.

Copying to and pasting from existing fan splines in the current project
If you have an existing project that has had fan splines fitted, perhaps on a different

computer by someone-else, and you wish to use exactly the same fan and ruler so that
your data is comparable then you can copy the fan from a spline in that project.

First, load the project that contains the fan you wish to copy. Then open the Edit splines
dialogue (see following section) and select a fan spline based on the fan you wish to copy. If

Pazte From current spline |

the fan setup dialogue s not already open, open it and click the
button. This will create a new setup with a default name like “Fan Setup 5”. Change this

Save and Close |

default name to something that will describe the fan setup and click
This fan setup will now be available for any new project that is created or loaded.

Similarly, once a setup is stored, it is possible to transfer it to a spline that has already been
drawn. Open the Edit Spline dialogue and select the spline whose fan and ruler you wish to

Copy to current spline

modify. Then use the in the fan setup dialogue to transfer the fan
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selected in this dialogue to the spline selected in the Edit Splines dialogue. Note that this
should be done for all of the splines for a given recording in turn. It will also need to be
done for every recording. Take care, as changing the position and angle of the fan will
change the position and angle of the spline that is already drawn. [In future it may be
possible to correct for this and keep the spline in the same position but not in this current
version of AAA.]

Fan and spline background colour specification

Artichsst - Fan Setup

Farz  Colours l

Colours
[ Ruler || [ Dental
|:| B ackground |:| Frant
] Selected [ ] Midde
: Back
- Welar
- Pharynx

Save and Cloze | Dizcard Changes

It is not usually necessary to change these colours. They are for aesthetic preference. For
example, when creating presentation videos of tongue splines, the background colour can
be changed from white to something more colourful. It has the following options:

I:I Pl The colour of the ruler in the setup dialogue

:Eackgruund The background colour for spline drawings if the video is switched
off and, in the case of ultrasonix, around the scan image

I:ISElE'jEd The colour a spline changes to when selected in the Edit Splines
dialogue.
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|:| Dental
|:| Front
[ ] Middle
|:| Back
|:| Selar
- Fharynx

Edit Splines Dialogue

The Edit Splines dialogue is the engine-room of the ultrasound/video data analysis. It
facilitates the creation and adjustment of splines that define key structures such as the
surface of the tongue, hyoid, mandible and the roof of the mouth. Or in the case of lip
videos they can define upper an lower lip boundaries.

The colour of the fan lines in the 7 major regions.

¥ | Show Ultrasonic
Ultrascnic Setup...
Copy Bitmap
| Make Movie...

| EditSplines.. S

<,

Show Splines

Show Fan

<,

Spline Workspace...
Fan Setups...

Overlay *

Splines

Splines are curves defined by a mathematical (cubic B spline) function that are constrained
to pass through specified control points referred to as knots.

AAA has two different implementations of splines:

Fan Splines
In AAA a fan grid has 42 axes. A fan spline is defined by the 42 control points where the

curve crosses these axes. Essentially what this means is that the once all of the crossing
points of these 42 axes are defined the software draws a smooth line that passes through
all of them. Using 42 splines provides a slightly smoother result than joining the 42 points
with straight lines.

The use fan splines for ultrasound images is justified because the ultrasound image is
created from beams of ultrasound that fan out in straight lines from ultrasound probes
with convex arrays, typically used in speech analysis. The restriction of the fan grid
therefore matches the way the data is created. One advantage of using fan splines when
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they were introduced to AAA in 2003 was the associated automatic edge
detection/tracking algorithm that speeded up spline fitting. A second advantage was the
opportunity it provides to calculate the average of several splines and find the regions of
significant difference between two such average splines.

More recently with the introduction of DeeplLabCut which operates on 2D splines, the
conversion of these 2Dsplines to fan spline format is favoured by some reseachers as they
provide a polar co-ordinate representation that is useful for GAMMS analysis.

2D splines

Unlike fan splines, 2D splines are not restricted to having 42 control points that lie along 42
axes. 2D splines can have any number of control points in any position. The crucial
difference is that unlike fan splines it is possible to draw curves that bend back on
themselves. So for example in MRI images a curve can be drawn that continues from the
upper surface of the tongue around the tip and along the underside of the tongue tip. Or, if
a camera image of a facial profile is being drawn, a spline can follow the contour of the
upper lip and/or the lower lip.

2D splines with only two points are special. Two point splines define a Fiducial line. A
dotted axis will appear at one end to define the origin and orientation of the line and this
line can then be used to define a plane and rotate exported co-ordinates or analysis values.
The origin of the Fiducial can be used to define the origin of the exported co-ordinate
space. It can also be employed as a user defined axis along which measurement can be
taken.

New Spline : Creating splines manually

Open the Edit Splines dialogue by clicking on the option in the Video display window popup
menu. The first time this is done for each recording the dialogue will look like Figure 9.
Subsequent calls to the edit splines dialogue will look like this.
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Edit Splines X

Splines KeyFramesI FitSpIineI Adjust 2D Splinel Fit Hyoidl Templatel Batch ]

There are no splines for this record. Click New Spline
to create a spline with a keyframe at this time.

_New Spine | Ruer_|

. Fan Spline Tonqu/ROOf/Min > Current Recording fan
- - Use Tracker
Fan Spline Single >
| = m6 D7.55 PAL 108degrees
2D Spline Single ultrasonix D8.0 112.5deg
DP6600 D7.55 120deg
From Template... sonix D90 104A° FOV 20mm Radius
Paste from Clipboard sonix D70 139.9A° FOV 10mm Radius
sonix D80 90.24A° FOV 20mm Radius
Fiducial Line v sonix D80 101.2A° FOV 20mm Radius
Hyoid
Mandible

Use current fan

Cancel

. . New Spline
To manually create a spline, click . However, note that tongue contours are

most often and most simply generated using the DeeplabCut Batch process.

Fan Spline Tongue/Roof/Min
To create a new fan spline select “Fan Spline Tongue/Roof/Min” and then choose one of
the fan setups named in the submenu. The one which matches the ultrasound display in

the current recording is automatically generated and indicated with a v . If there is no
suitable setup then follow the guidance in the previous section to create an appropriate fan
setup. When the submenu option is selected, a fan and three default splines will be
created. These three splines are named Tongue, Roof and Min Tongue.
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Fan Spline Tongue/Roof/Min %P
Fan Spline Single L

Fan Spline from Template *

2D Spline from Template 3
2D Spline Single
20 from Clipboard

mG D7.55 PAL 108degrees
Fiducial Line

ultrasonix DE.0 112.5deg
v Use current fan DP&600 D7.55 120deg
Cancel v sonix D70 139.9° FOV 10mm Radius

FIGURE 8 FAN SPLINE SELECTION WITH FAN SETUP SUBMENU TO THE RIGHT WITH AUTOMATICALLY
DETERMINED FAN SPECIFICATION SUGGESTED BY TICK

Tongue spline — used to highlight the surface of the tongue

Roof Spline — has a dual purpose to highlight the shape of the palate and/or provide an
upper limit to the range over which the tongue surface may be found. This latter purpose
is necessary for the automatic spline fitting to work. Note that even if a palate contour is
not needed it is useful to adjust the roof spline to isolate non ultrasound graphics such as
menus, scales and axes from the search space.

MinTongue — This spline is used to provide a lower limit to the automatic search for a
tongue contour. This spline should be drawn as high as possible to isolate the bright
reflections caused by the sublingual tongue muscles but bearing in mind that, for some
articulations, the tongue root can advance forwards and, for others, the tongue tip can
lower. Once a you think you have a good minimum position defined. It is worth running
through the whole recording to make sure by observation that the tongue surface never
crosses it.

Fan Spline Single
This option is provided for completeness but in practice should probably not be used.

Fan Spline from Template
The default three splines (Tongue, roof and Min) are created as simple arcs. Once the roof

and min splines have been redrawn to suit the data in one recording it is recommended to
save all three splines as a template (see later section for how to create templates). This
provides the opportunity to load this template for all the other recordings in the same
session (or indeed by any speaker in any session).

2D Spline Single
This option will create a single curve with seven knots (control points). A good option for
drawing outlines of facial features or MRI tongue contours.
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2D Spline from Template

As with Fan splines, once a set of 2D splines has been redrawn, perhaps with extra knots
added to some of them and spacings between knots altered, it is possible to save them as a
template and then load this template into other recordings.

2D Spline from Clipboard
This is a similar function to templates but on a temporary basis. Splines can be copied from
the spline workspace (se later section on Spline workspace)

Fiducial Line

A 2D spline with only 2 knots is created. This is termed a Fiducial and has special
properties. Note: if knots are added to a fiducial line it becomes an ordinary 2D spline.

Use current fan

If a fan is already selected for the current recording and additional splines are required for
any reason then, with “use current fan” checked, fan setups will not be displayed and
clicking on “single spline” or Tongue/Roof/Min will add a spline with the same fan setup as
is already loaded. If the “use current fan” is unchecked then a different fan setup can be
selected. It is not clear why you would ever want to e two different fans for one recording.

Editing spline appearance and name
As well as manually adding splines, the Spline tab allows the colour, boldness and visibility
of individual splines to be controlled.
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Edit Splines X
Splines I KeyFrames | Fit Spline | Adjust 2D Spline| Fit Hyoid | Template | Batch I
"’
Name IDLC_Tongue LI Ultrasonic J
Line =
@ Solid v Visible Thickness|3 :l L]
¢ Dash _|
" Dot
GG Spline Fiducial
Relative to Fiducial Is NOT a Fiducial
| =l
I Constant area Convert to fan Spline
Change number of knots in spline | Convert I
\DLC Tongue /£, DLC_HyoidMandible £ DLC_Shorttendontdandible / [¢l2]
New Spline | Delete | Ruler |
Discard Changes |

Spline appearance
The appearance of splines once drawn is controlled by the Splines tab settings Each spline
appearance is controlled separately.

Line style
The line appearance options include:

¢ Line type — solid, dotted or dashed
e Visible — or not (HOTKEY <Ctrl>S also toggles this setting)
® Thickness — of the line

e Colour — of the line
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GG Spline

This is an old obsolete experimental option for fitting 2D splines to tongue contours. It
restricts the 2D points to lie on vertices of a fan originating from a point defined by a
related fiducial. May be removed in future.

Delete
The button will delete the selected spline.

Important: Changes to splines additional keyframes etc are ONLY SAVED WHEN THE
SAVE AND CLOSE BUTTON is clicked. If fitting splines to several keyframes in a recording
it is advisable to save and close regularly.

Keyframes
KeyFrames are a central concept in the creation of splines. Keyframes are points in time for

which a spline can be defined (drawn). Keyframes can be produced at any point in time
(although it makes most sense to link them to video/ultrasonix frames). Different
keyframes exist for the tongue, roof, min_tongue splines and any other fan or 2D splines.
Typically you only need one keyframe for the roof and Min_tongue splines as these are
normally unchanging over the course of a recording and even across recordings. It does not
matter which time points you choose for such keyframes.

There are three methods for creating keyframes.

Single Keyframe — Create a single keyframe for the selected spline at the timepoint
indicated by the waveform cursor.

Every Nth video frame — N is specified by the “Frames” counter. When Frames is set to 1
then keyframes are placed at every video/ultrasonix tickmark in the region highlighted in
the waveform window. If the waveform cursor indicated only a single point in time then
the keyframe will be placed at the tickmark corresponding to the current video frame.

Every N millseconds — N is specified by the “Frames” counter. Included for completeness
but this not normally used.

The software will always interpolate between keyframes to ensure continuous spline
values throughout the recording. i.e. if there is one keyframe at the start of the recording
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and one at the end then the spline will linearly morph each spline control point from the
start shape to the end shape as the cursor moves through the recording.

IMPORTANT: When analysis values based on splines are exported, the values will not
necessarily be the keyframe values but rather, they will be the interpolated value at the
specific time point that is labelled.

Confidence — the confidence values generated for the spline are based on the algorithm
error measure which is in turn based on the brightness of the image. The value can
therefore be very small for dark images. The multiplier is a fiddle factor to better reflect the
true confidence as reflected by a solid line appearing where a clear edge is present. This is
admittedly unsatisfactory and more development of the algorithm is required to remove
the need for this multiplier which is related to brightness and contrast levels.

Edit Splines eS|

Splines  KevFrames | Batch process
F Add Keyirames Autafit Spline
- * Single keyframe keyframes
0133 ™ Ewery Mth video frame ﬁ *é" ,
---- ~ * LCurren
13;1_%? Ewvery N mSec O Celected
0162 1 2] Frames
;:I-'I-?-? Snap-to-fit
B Add | Capy | Fast fit
019z ) ; .
---- [v Align to ultrazonic frames Best Fit
0.207 =
---- Cuztorm Fit
9;2_2_2 | Whorksp | Publish | Track

| 023 Confidence Track Back
0252 Confid liplier |15.0C %
0.25 anfidence multiplier Decimate
0267 -
---- [+ Smooth
Tongue - {

Advanced |

Save and Cloze | Dizcard Changes | b odified

FIGURE 10 EDIT SPLINES DIALOGUE — KEYFRAMES TAB AS IT LOOKS FOR FAN SPLINES

Monitor progress — If checked then the ultrasound image updates and the newly fitted
spline is shown for every keyframe. Drawing each frame in this wayprovides useful
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feedback but slows the fitting process. Uncheck this to speed up batch processing by a
factor of 10 or more.

Edit Splines ()
Splines  FevFrames l Batch process
[ [ Add Keyframes Autafit Spline
- =t j K.evframes
(" Ewemn Mth video frame ; E" t
~ * [Curren
Ewem M mSec O Celected
1 ¢| ;
Fraimzs 20 Splne
| Copy | Attract [Snakes)
[w Align to ultrazonic frames Track [Ultrax]
| worksp | Publish | 4
Confidence - +|
Confidence multiplier |15-':":ﬂ ( * )\
Spline 4 - v Monitor progress
Advanced | AIL
Save and Claze | Dizcard Changes | tadified

FIGURE 11 EDIT SPLINES DIALOGUE - KEYFRAMES TAB AS IT LOOKS FOR 2D SPLINES

Several keyframes can be highlighted at one time by clicking and dragging on the list on the
left. When highlighted, the selected splines can be deleted with the delete button or
copied to the Workspace or the Publisher. See later sections for more details.

Note: There must always be at least one keyframe. To be able to delete a single keyframe,
first a new keyframe must be added.

The - - - - is highlighted when the waveform cursor selects a timepoint that does not have a
keyframe associated with it.

The “Autofit Spline” options on the righthand side of the Keyframes dialogue provide
automatic spline fitting functions. These are discussed in the Fittting Splines section of this
manual.
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Batch Process
Batch Process allows groups of recordings or annotations to be splined with one button

click. This allows splining to be done without time-consuming manual interaction. Use the
filter function to select a set of recordings or a set of annotated regions and then process
them all in one go.

There are two variants of spline fitting algorithm.

Snap unap

Snap is the same bitmap based algorithm that is described in the spline fitting section of
this manual. It will work with Video based ultrasound images (e.g. Mindray DP6600 and
DP2200) as well as ultrasonic data from Echo B, Ultrasonix and Micro. Since revision
217_02 the algorithm work on the raw data rather than the image data speeding up the
process by 100x. It provides the usual selection of tracking as well as localised “snap-to-fit”
and more global “best fit”. See following section for details). A template with Tongue Roof
and Min Tongue splines must be provided to seed this method and results will vary
depending on the suitability of this template.

Decimate Decmae

Decimate is still in development and so the accuracy is less than for snap at the moment.
However, it does not need a template to be created for it to work. Parameters for the
decimate algorithm are set in the “Ultrasonic Setup | Options” dialogue.

Drawing Splines manually

Fan Splines

A spline can be drawn by clicking and dragging on the video display window when the Edit
Splines dialogue is open and a keyframe is selected. When a keyframe is selected the
specified spline will change from the designated colour to an orange line with tick marks
through it corresponding to each of the 42 radial axes (Figure 12)

If the control key is held down while clicking and dragging then the tickmarks will become
dots and the line will disappear. This can be used to indicate regions where the tongue
surface disappears. It actually invokes another important concept, that of Confidence (see
following section).
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EXAMPLE PROCEDURE:

STEP 1: Add Tongue, roof,min toungue

STEP 2: Draw roof and min tongue limits for the session

STEP 3: Draw a typical tongue position

STEP 4: Save this as a template (name according to client and session)
STEP 5: Run batch tracking using this template

STEP 6: Run batch snap-to-fit using this template

B; Bueen Margaret University
Name: ID:

L o
Bepth 7.55

ﬁ

FIGURE 12 TONGUE KEYFRAME (ORANGE) DRAWN TO FIT THE TONGUE CONTOUR.

2D Splines

The technique for drawing 2D splines is different to fan splines. It is possible to click and
drag each knot individually to any location on the screen. It is also possible to add knots or
delete knots by right-clicking and selecting “Add knot” or “Delete knot” from the pop-up
menu.

The number of knots and their spacing should be selected to match the contour being
traced. For example Figure 13 has 17 knots to define the tongue contour with the spacing
between knots reduced at the tip to account for tighter curvature in that region.
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Tip: Hold down the <cntrl> key and click and drag to draw a contour. The relative
spacings of the knots will be preserved so it will make a difference if the drawing is done
from left to right and from right to left.

FIGURE 13 DRAWING 2D SPLINES

Confidence
Confidence is a way of indicating how confident the experimenter (or the automatic edge

detector) is, that a given bit of spline (represented by the tickmark) is correctly positioned.
A hand drawn spline has a 100% confidence level associated with it but when the control
key is held down the confidence is set to 0%. The confidence can be used later in analysis
or to determine which parts of a spline are exported as x-y co-ordinates.

Confidence has not yet been implemented for 2D splines and is always 100%.
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Confidence is linked to the brightness and contrast of an image. If the brightness or
contrast settings are changed then the confidence levels will change and the confidence
gain factor may need to be altered to compensate.

When applying autofit functions the confidence value will be automatically assigned and is
related to the "goodness" of the edge found at each of the 42 control points. Goodness is
dependent on the overall brightness and the relative shift from dark to light at the
boundary. There is a manual adjustment that can be made to this confidence by changing
the value of the confidence multiplier. Typically this value will be in the range 2-20. Adjust
it and then click "Snap-to-fit" until the spline appears as solid line in the parts of the
contour that have a good edge.

Moving 2D Splines

When fitting 2D splines to MRl images or other images where there is a feature, such as the
hard palate, which has a fixed shape but moves position from frame to frame, it is useful
to be able to move the spline without having to redraw it. The keyframes tab for 2D splines
has a a set of buttons with arrows which allow rotation and translation of the selected
spline (shown below). If the “All” box is checked then all 2D splines for the recording will be
moved together.

20 Spline
Attract [Snakes)

Track [Ultrax]

4
«
()
IFW::nitDr progress

Al

Ruler adjustment

The M button provides a safety net to be able to adjust the ruler in the case where
an error was made when setting up the fan and a means to set the ruler for 2D splines.
When the dialogue is opened, the ruler for the currently selected spline will appear on the
video/ultrasonic display.
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L X

Edit Buler |Advanced| Batch |

Length |1D.DDD 3:
ST —

L X _J

EditRuler Advanced |Betch |

Seftings will [RElElE

be applied  FRISEaIsOT
to selected

splines

L X

Edit Ruler | Advanced Baitch

Setall A rulers on given
date to current settings

Set | |21 fo2femea "l

FIGURE 15 RULER ADJUSTMENT DIALOGUE

The “Advanced” tab can be used to select which splines the adjustment will be applied to.
By default it will be applied to all splines in the current recording.

The “Batch” tab provides a means to apply the ruler change to every recording by the
current client made on a specific date.

Video display
v Show Video
Video Setup...
Copy Bitmap
Make Movie...

Edit Splines...

v Show Splines
Show Fan
Spline Workspace...
Fan Setups...
Overlay
Mean Image
Optical Flow
Image
Rotate Video ...
De-interlace Video...

Save Frames to Database

Add Knot

Delete Knot

Controlling appearance of Video display

Show video, splines, fan
Video setup dialog
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Copy bitmap

See Copy Bitmap in Ultrasound display section

Make movie
See Make Movie in ultrasound display section

Overlays
See Overlays in ultrasound display section

Exporting files and data

Export Data
AAA provides many options for processing and analysing data. Once the data is analysed
the Export Data dialog allows the results of the processing and analysis to be exported

File dialog page

Articulate Assistant - Export - Default.xsu

Export File IFiIler | Rows | Columns | Execute

i

Choose where the data will be exported to: Cancel

[v Exporttofile I~ [~ Export to Spline Workspace _?|
Name of Export File: Expart Setup
IC:\Users\AIan\Documents\AAA221 _5_4\Exported data\EPG.tsv Browse Open

Save As

elf]s

Import

Unicode File Format

Format |Auto Z|
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Filter dialog page

Articulate Assistant - Export - Default.xsu

Export File ~ Filter lF!ows | Columns |

~Choose Recordings or Annotations to be exported

’ Export Recordings I Export Annotations  |: Change Fi“e'";’.‘é _?l

Annotations selected I Filter value I

45 items

7@/ {24/03/2000 18:36:46) "Encvclopedias seldom oresent anecdotal evidence" . S
/@7 (2470372000 18:36:46) "Encyclopedias seldom present anecdotal evidence" W, S
/@7 (24/03/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence"'W, S
7@/ (2470372000 18:36:46) "Encyclopedias seldom present anecdotal evidence" W, S
/a/ (24/03/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" W, S
/faif (24/03/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" W, S
/d/ (24703/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" . S
/d/ (24703/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" . S
/d/ (24/03/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" W, S
/d/ (24/03/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" W, S
/el (24/03/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" . S
/el (24/03/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" . S
/el (24/03/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" W, S
/7 (24/03/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" W, S

/7 (24/03/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" W, S

/if (24/03/2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" W, S

fj_/_(24f03!2000 18:36:46) "Encyclopedias seldom present anecdotal evidence" W, S

A

Execute

Cancel

i

Export Setup

Open

Save As

tlf]e

Import

Rows dialog page

Articulate Assistant - Export - Default.xsu

Export Filel Fiter ~Rows ICqumnsI

~Choose the rows to be exported

Data values | Data summary I

~Within each annotation, write one row for

AllEPG samples | AllVideo frames | All Ultrasonic frames All EMA frames

2
I

Every X ms I N equally spaced “ Single point select All Spline Keyframes I
~Selection Criterion—————
BLO
% First " Last GGO &
" OneThiid ¢ Maximum ggg*
" Midpoint " Minimum il v
" Two Thirds Sample period IZU 4| mSec

Cancel

| e |

Export Setup
Open

o]
Save As |
[

Import
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Columns dialog page

Articulate Assistant - Export - Default.xsu

Export File] Filter I Rows Columns I

i Choose what text will be written for each line of the export file
Time of sample in recording

Client | Time | Prompll Annolationl Palatel

Annotation Keywords

X.Y values of spline "DLC_Tongue"

Analysis ” Splines  Video | Ullrasonicl WA I

Add | Delete | Move Down | Move Up |

Value

 Radius (0.100%) Confidence Thresh

-
v

" Radius (mm) |
 Angle (rad) Nearest keyframe is <=

|1 000000 :l ms

(" Confidence (0..100%)
" Name

¢~ Num points _?I

Spline Name  Value IOligin ] Knots ]

[Whites the X.Y coordinate values of all the spline
points of spline "DLC_Tongue".

Cancel

i

Export Setup
Open
Save &s

Import

[elt

There is no standard format for splines. They are typically stored as a sequence of points

specified in Euclidian or Polar co-ordinates. The number of points can vary. Splines are

generated from a small number of control points extrapolated using a cubic formula.

However, some software expects tongue contours to be stored using a large number of

points (e.g. 100) that represent the shape without needing to be interpolated .
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Splines dialog page

Articulate Assistant - Export - Default.xsu

Export File | Fiter | Rows | Columns ~Splines I
Copy Splines to Spline Workspace Cancel
Spline >

Tongue ina 2| Export Setup
Roof
Min Tongue Open
Spline 4
Jaw Save As
Palate
MRI tongue Import
Mandible

DLC_Tongue
DLC_HyoidMandible
DLC_ShorttendonMandible

(other names will be added
when encountered|

Examples of how to use export data

Copying selected splines to spline workspace

Exporting labelled clips of video, audio or ultrasonic data/video from recordings
Exporting spline co-ordinates while rotating and translating based on a bite plane
fiducial

Exporting time normalised segments

Export Files

The purpose of the export files dialog is to allow data streams recorded in the project to be
converted to file formats that may be read by other analysis applications such as Excel, “R”,
Matlab, PRAAT etc. The Export Files dialog is designed to export entire recordings. To
export labelled regions of recordings see Export Data. The following sections describe how
file export works and the different types of data that can be exported. Files of most types
can be imported back into AAA (see Import section). To allow a file to be imported into the
correct recording, a *.txt file is always exported along with selected data streams. The test
file contains three pieces of data that together define the source recording

® (Client name
e Date/time of recording

® Prompt text
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% Articulate Assistant Advanced - Project: C:\Users\Alan\Documr

File Edit Options Help || Record Ulrasonic | Analyse Ultrasonic

Create/Copy Project...
Open Project/Client...

Recent >

New Client...

Delete Client... .
Export > Data...

Import > Files...

Publisher ... Annotations...

Spline Workspace... ‘

Print Palates...

Exit

Files dialog page
Export Files X

Files IEPG | way | Glotto | Annotations | Video | Ultrasonic | Splines |

Filename

e Start o] Max -
StemllFll- Or ¥ UsePrompt > ISD v| Nisierals |3 v|
Write Files

File Save Folder: Browse... [

C:\Usershalan\Documents\WUNK

Select Clients/Sessions to Export Clients to be exported:

(¢ Manually export by clicking OK
" Automatically export as data is recorded.
" Always automatically export [not recommended)

Cancel

The File dialog defines the naming format for the exported files, the destination folder
where they are to be saved and the recordings to be exported.

Filename: <stem><number with max Numeral digits>.wav or <prompt><number>.wav
e Stem — This text will form the initial characters of every exported file

* Use prompt — Alternatively each file will be named using the prompt text with any
illegal filename characters removed.

< (less than)
> (greater than)
(colon - sometimes works, but is actually
NTFS Alternate Data Streams)
" (double quote)
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(forward slash)
(backslash)

(vertical bar or pipe)
(question mark)
(asterisk)

/
\
\
?
*

e Start number. — the stem is followed by a number starting at this index.

¢ Max Numerals. — Number o decimal places. E.g if 3 and start number = 5 then the
first exported file name will be <stem>005.wav or <prompt>005.wav

® File save folder. — Full path of folder where exported files will be saved. This can be
an external drive. Use the browse button to open a windows explorer dialog to
find and select the folder on your computer.

e Select clients/sessions to export. — Opens the subdialog described in the earlier
section of this manual Project | Copy recordings from one project to another
allowing whole sessions or individual files from the current client to be selected for
export.

¢ Manually export by clicking OK. — the default and recommended way to export
files by clicking the OK button in this Export files dialog.

e Automatically export as data is recorded.- If this option is set then the next time a
recording is made then all the file formats checked in this dialog will be exported
when the recording stops. This will slow down the recording process and so is not
recommended. As it is not recommended, this option is rest to off when AAA is
closed so that it is not active the next time AAA starts up.

e Always automatically export (not recommended). — disables the safety feature
described above so that the next time AAA starts automatic export remains active.

EPG dialog page
Export Files X

Files EPG IWAV I Glotto | Annotalions] Video I Ultrasonicl Splinesl

[~ Export EPG as
O '@

Cancel
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The EPG dialog exports electropalatography data recorded by AAA consisting of 62
electrodes arranged in an 8x8 matrix.

e SSF format. — Speech sound file, a format designed by Kiel university which
comprises of binary data preceded by an ascii header that defines the frame rate
and the number of bytes per frame as follows:

SSFEF —— (c) SHLRC
Machine IBM-PC
Start_Time 0.0000
Record_Freqg 100.0000

Column epg BYTE 8

e EPG3 format. - A raw binary with no header .

Reading EPG palates have 62 contacts which can be ON or OFF It is easy therefore to
specify a single palate pattern by a set of 8 x 8 binary bits. These are coded and stored as 8
palate rows from posterior to anterior. Each row consists of 8 binary bits (1 byte).

WAV dialog page
Export Files X

Files | EPG WAV IGIotto | Annotations | Video | Ultrasonic | Splines |

[v Export WAV as
" Export &ll Channels in one *.wav file

(¢ Export Individual Channels to Separate * wav files

Export WaY channel as
Select e.q. Filename Postfiz  Suffix

V| Channel 1 |File0S0_TrackO.wav |_TrackQ |wav
Channel 2 |FileDS0_Trackl.wav |_Trackl |wav
Channel 3 |File090_Track2.wav |_Track2 |wav
Channel 4 |File090_Track3.wav |_Track3 |wav
Channel 5 |File090_Track4.wav |_Trackd |wav
Channel 6 |File090_TrackS.wav |_TrackS |wav
Channel 7 |File090_Trackb.wav |_TrackE |wav
Channel 8 |FileDS0_Track7.wav |_Track? |wav

................................

0K Cancel

................................

The wav dialog exports the audio recording as a wav format file.
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e Export all channels in one *.wav file — self explanatory. AAA may have up to 8
channels but more typically a recording will have 2 channels, a speech audio and a
synchronisation channel. More then two channels permits more synchronisation
signals on separate channels.

e Export individual channels to separate *.wav files. — check as many channels as
desired. The postfix can be edited if a different channel indicator is preferred.

The dialog does not permit selected channels to be combined in a single wav file.

Glotto dialog page
Export Files X

Files I EPG I way  Glotto Annotations] Video | Ullrasonicl Splines|

[~ Export Glotto as
-

O

Cancel

Dialog for exporting data from a prototype ElectroPhotoGlottoGraph (ePGG). This product
is unique in measuring the slow glottal opening and closing gesture as well as fast vocal
fold action. This device is not yet in production.
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Annotations dialog page

Export Files X

Fies | EPG | WAV | Glotto Annotations | Video | Ulrasonic | Splines |

[ Export Annotations as PRAAT Textgrid format
[~ Limit exported annotations according to annotation filter settings

[ Do not export blank intervals

IBig-endian Ll Unicode encoding style in exported file

Cancel

The annotations dialog exports PRAAT textgrid files. After exporting they can be loaded
into PRAAT (along with a wav file exported using the WAV dialog page) or they can be
imported into a copy of the same project being worked on by a collaborator.

Export Annotations as PRAAT textgrid format. — If not checked then annotations
are exported in a legacy AAA format with file extension *.ann. This is less versatile
and is not recommended.

Limit exported annotations according to annotation filter settings. — If unchecked
then all annotations associated with a recording are exported. If checked then the
dialog obeys the current filter dialogue settings and exports only the annotations
determined by those settings.

Do not export blank intervals. — PRAAT segment tiers assign unlabelled temporal
regions a segment with no label. AAA in contrast allows temporal regions to have
no annotation. If the intended use of the exported textgrid is to import into a copy
of the same project then check this box to avoid lots of annotations with no label.

Unicode encoding style in exported file — Unicode is encoded in two bytes. The
expected order of those bytes may depend on the computer operating system. The
default for Windows is big-endian.
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Video dialog page

Export Files X
Fles | EPG | WAV | Glotto | Annotations Video |Ullrasonic| Splines |
[~ Export Video
—
Sound Channel , _] ™
E
2
Cancel

The Video dialog exports the video stream in AAA as *.avi. When exporting video sub-
dialogs will pop up allowing the video resolution to be specified and the codec to be
specified. These options appear once. Thereafter, for all the recordings selected for export,
the videos will be created using those selected options. See Make Movie for more details
on exporting videos and limitations in setting output resolution.

Dialog options include:

¢ Sound channel <Allows a single audio channel to be added to the image sequence
when creating the video> Typical value = the audio channel recording the speech
signal.

® Fan <If fan splines have been applied to the recording then the associated fan grid
can be superimposed on the image> Typical value = unchecked.

® Splines < Superimposes any visible splines onto the exported video> Typical value =
unchecked

e Pad ultrasound data with blank frames to align it with the start of audio < This
option is essential to offset the ultrasound images from the start of the audio using
the alignment determined by the synchronisation process applied within AAA. If
not checked, the image sequence will start at the same time as the audio.> Typical
value = checked.
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Ultrasonic dialog page
Export Files X

Fies | EPG | WAV | Glotto | Annotations | Video Ulrasonic | Splines |

[v [ Export Ultrasonic
* Video  RawData

Sound Channel |Channel 1 v| I Fan
Export raw params to
" *ULT.txt (¢ *params

I” Pad ultrasound data with blank frames to align it with start of aud

Cancel

Ultrasonic data is not video data. It is recorded and stored within AAA as 2D matrix of
scanline vectors each with a number elements which correspond the time at which the
ultrasound echo was received. The value of each element 0-256 represents the strength of
the echo for each time element. Associated parametric data specifying the depth setting,
the number of scanlines, the number of elements, the radius of the convex probe and the
angle between each scanline is also recorded and stored. With this information it is
possible to construct an image based on the raw scanline matrix.

Raw data

The ultrasonic dialog page offers the option of exporting the raw data matrix along with
the associated parameters (*.param) that allow the data to be reconstructed as an image.
This form of ultrasound data is often preferred by engineers for machine learning as it is
more compact and does not include the interpolated data values that are added when
generating an image. The *.param file contains the following information:

® NumVectors <number of scanlines. This will vary if the field of view setting is
reduced from 100%> Typical value for 100% field of view = 64

e PixPerVector <number of elements (aka pixels or time points) in each scanline.>
Typical value = 946

e  ZeroOffset < distance from the origin of the convex probe to the first scanline
element measured in number of elements> Typical value for 210.

e BitsPerPixel < number of bits assigned to each element to specify the echo strength
(pixel brightness.> Typical value = 8 (0-255 brightness levels)

® Angle (angle measured in radians between each scanline used to reconstruct an
image.>Typical value = 0.028
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e Kind < Specifies if the data was recorded by an Ultrasonix (0) ultrasound system or
a Telemed (1) system.> Typical value =1
® PixelsPerMm < Scaling defines how many scanline elements correspond to one
millimetre.> Typical value = 10.511.
® FramesPerSec < frame rate > Typical value = 81.543
® TimelnSecsOfFirstFrame < Offset in seconds of the time of the first ultrasound
frame from the start of the audio recording> Typical value = 1.00327.
The *ULT.txt option includes the same information as the *.param option but in an earlier
proprietary format. The param file format is the most widely accepted format and should
be used.

When exporting in raw ultrasonic format, the audio channel, fan checkbox and Pad
ultrasound data with blank frames are ignored. The exported files are:
e * ULT <raw ultrasound data in binary format>
e * param <parameters as described above>
® * txt < text file with client, date/time of recording and recording prompt, together
specifying the recording from which the data was exported.
Video

Users may wish to analyse ultrasonic data in other software that expects ultrasound in a
video format. The Video option allows, if necessary, all the ultrasonic recordings in one
project to be exported as video with a single click. This opteration takes longer that
exporting the raw data as each frame needs to be converted into an image. Options
include:

¢ Sound channel <Allows a single audio channel to be added to the image sequence
when creating the video> Typical value = the audio channel recording the speech
signal.

® Fan <If fan splines have been applied to the recording then the associated fan grid
can be superimposed on the image> Typical value = unchecked.

® Pad ultrasound data with blank frames to align it with the start of audio < This
option is essential to offset the ultrasound images from the start of the audio using
the alignment determined by the synchronisation process applied within AAA. If
not checked, the image sequence will start at the same time as the audio.> Typical
value = checked.

See Export data if only labelled sections of files are required.

If more than one audio channel is required, use the WAV tab to export more audio
channels as wav files.
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Splines dialog page

Export Files

Fles | EPG | WAV | Glotto | Annotations | Video | Ulrasonic Splines

[v [ Export Splines
" All splines in each recording

" Only all Video related splines in each recording
" Only all Ultrasonic related splines in each recording

¢ Only splines matching the selected names below.

Min Tongue A
Spline 4

Jaw

Palate

MRI tongue

Mandible Change knot count

2

DLC_Tongue
DLC_HyoidMandible

DLC_Shorttendont andible v _EdtSpine names

0K Cancel

The Splines dialog is not intended to export splines as Euclidean or Polar co-ordinates. See
Export Data and Spline Workspace for means to do that. The Splines dialog exports tongue
contours in a proprietary text format intended to permit, if necessary, for the spline to be
imported back into AAA. This is useful if two people are working on separate copies of the
same project and one wants to have the splines without compromising other work that

they have done, such as labelling. The format is as follows:

2DSplineKeyframes <Type of Spline which may be Fan Spline or 2D spline>

ssUltrasonic <type of data steam that the splines were derived from and should be

imported back into, which may be ultrasonic or video>
100327

Spline2D

DLC_Tongue <Spline name>

<text end>

Rulerplx <scaling ruler consisting of a start point (RulerP1) and an endpoint

(RulerP2)

0.500 <co-ordinates defined by
Rulerply

0.000

Rulerp2x

0.500

Rulerp2y

0.647

Rulerlen <length of ruler in mm>
109.979

Color <colour of the spline>
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193

LineStyle <Linestyle (solid, dotted dashed etc) used to draw the spline in AAA>
0

LineWidth <width of the line used to draw the spline in AAA>
3

Points

11 <Number of spline control points.>

0.36884880 < x-co-ordinate of 1°* control point (aka knot)>
0.21795702<y co-ordinate of 1% control point (aka knot)
100 <confidence on scale of 0-100 that the point is accurately estimated>
0.38196936 <2™ control point>

0.29921082

100

0.40625018 <3™ control point>

0.37896824

100

0.44555146 <etc>

0.45498317

100

0.50085509

0.52352208

100

0.58252007

0.53801638

100

0.66429871

0.49736014

100

0.69371825

0.47163340

100

0.72137231

0.44719329

100

0.75626290

0.43669757

100

0.78702390 <11* control point>

0.41837409

100

Dialog options allow for selection of splines according to various criteria.
There are also options to:
® Change the knot count <increase or decrease the number of control points using
interpolation. This option has no obvious advantage> Typical (recommended) value
= |leave unchanged.
e Edit Spline names < This actually allows new spline names to be added to a list of
spline names. It does not allow existing spline names to be changed. If the list of
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splines shown in the dialog does not contain spline names you expect to see then
edit spline names allows you to refresh that list. See elsewhere in the user guide
for a fuller description of Spline Name list> Typical value = Leave unused.

Examples of how to use Export Files
Exporting Wav files for annotation in PRAAT and re-importing those annotations.
1. Inthe files dialog, select the recordings to be annotated in PRAAT

2. Inthe wav dialog export the audio. All audio channels can be exported in one file
but it does mean that during playback a buzz will be heard if there is a sync signal
on channel 2. Alternatively export the channel with the speech audio only.

3. If the recordings already have annotations in AAA these can be exported using the
annotations dialog if the intention is to modify them.

4. Create and save a textgrid file in PRAAT. The textgrid MUST have the same stem as
the *.txt file that was exported by default with the wav file from AAA and must be
saved to the same folder as the *.txt file.

5. Use the Import | textgrid dialog to import the textgrid back into AAA.

Exporting Ultrasonic data as video or raw format for processing in other software.
This is covered in the section above on the Ultrasonic dialog.

Prompts Recordings Window

Import files
Old Files...
EMA Files...
Vicon Files...
Annotations...
AVL...
Wav...
TextGrid...
MoCHA
UltraSuite...

Splines...
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Old files
EMA files
Vicon files
Annotations
AVI

Textgrid
MoCHA
Ultrasuite

Splines

Publisher
Create publishable quality diagrams from AAA data.

Although it is possible to capture bitmaps from the screen the quality is not adequate for
Journal publication. The Publisher facility within AAA allows high resolution (e.g.600DPI)
images to be created. With the ultrasound module comes the ability to export 2D spline
contours to the publisher. Using the Publisher image importing function in combination
with the Video Display window “Copy Bitmap” function, ultrasound video frames can also
be incorporated.

AAA provides a versatile function in order to create combinations of charts and plots
suitable for publication. It is however currently rather time consuming to create images
with multiple charts and scheduled for improvement.

To publish a time-based chart such as a waveform, a spectrogram, EPG sequence or an
analysis value, right click in the appropriate window and select “Add to Publisher...”.
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~ Publisher ) i =] |

File Plot Edit Spline 2D-Plot Chart Shape Axes

Chart plot y-Axiz
Axes
Spectrum
Axes 5000 —
2137 Tongue =000
Axes
2.215 Tangue .
2371 Tangue -Axis

Shapg———— [Weical
¥ Aurow
Coord: .559, 0.965
Refresh

Spectrum Colors. ..

Charts of analysis values

Chart Plot
—he
M ame IEhart plat
Data I.-‘-‘-.I'-.fecular Clogure j
Sample period Im mSec
k. Cancel | Edit &nalvziz Values
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- Publisher =10l x|

File Plot Edit Spline Z2D-Plot  Chart  Shape Axes

Canvas: 522, 211

Figure 1 Adding a Chart to Publisher

Then, select the Axes menu option and Create Axis. Then hold down the ctrl key and click
on the axis and the chart in the lefthand plot list so that they are both highlighted, select
the Axes menu again and this time select “Tie Plots to Axes”. The choices are tie to one of
the axes or both. The process of tying links the scale on a given axis to the data so when
you change the range on the axis the plot will expand or contract to correspond with the
chosen scale. If the axes are not tied then values can be changed independently of the
axis. For example, it may not be desireable to have the waveform y-axis tied as it will range
from +32768 to —32768.

Axes may be named and max and min values changed. The size and type of font used for
Mame. ..
Colour. ..
Line L4

Scale to Screen

the axes can be changed by selecting” Font...” from the “Plot” menu.

To move the plot around the screen use the shift key in conjunction with the mouse. The

cursor will change to a % symbol
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N (=
File Plot Edit Spline 2D-Plot Chart Shape | Axes
i 1= Create Axes
y-Legend Rotated
| Plot dipped to x-Axis
Plot dipped to y-Axis
E Axes »
iz Zoom 3
i Fixed Aspect Ratio
Tie Plots to Axes ml
b Clear Ties % Axis
YA
D T T T T |
Flot Zoom—— hues: wfkis— - hwes pbiz——
s e\| IH-A:-:is v I_I.J-A:-:is v
o w-Min ID.DDD 3. V| pbdin ID.DDD 3. ¥
iz AL |
H-Ma:-:lTUUU 3, v _I.J-Ma:-:|1.DDD ﬂ, =
Figure 2 Tying the Axes
(o] x|
File Plot Edit Spline 2D-Flot Chart Shape Axes
0.9575 —
V-Axiz R
0.0237 H"‘. . . . |
0 H-Axis 4 45

Flot Zoor——— hxes: m-bdwiz—— | Ases pabuis——
s e\l I:-:-A:-:is [ I_I,I-A:-:is v
whiin (0000 =W | pMin (0024 S|V

o
¢ Hlsﬂgl :-:-MaH|4.45U vlp }'-MEIHID-SEB vlp

Figure 3 Chart with Tied Axes

It is possible to clip the data so that it does not extend beyond the axes. This is useful if you
wish to show only part of the range of a spectrogram or a shorter period of time.
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0+ . .

0 Time (s)

Figure 4 Plot with larger font, clipped to 4 seconds

Waveform

File Plot Edit Spline 2D-Plot Chart Shape Axes

=lolx]

1 -

@

o

ER

=1

E 4

<

0 i . _

Time 0825

Plat Zoo Pues sl HEE YA
s 0\| ITimEI I If-\mplitude W
a aj wblin [0.000 {12 | pMin [0.000 S{M
e .| ebax 0825 2| | pmax[1000 2[W

Figure 5 Waveform plot

Spectrogram

A spectrogram can be created in the same way. Note that there is also an option to change

the greyscale levels.
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=

File Plot Edit Spline 2D-Plot Chart Shape | Axes

6000 T? Create Axes "
.'# i ?
y-Legend Rotated L o L }
| v Plot dipped to x-Jjais 14 l A 1
b+ v Plot dipped to y-Akis ¥ ﬁ,; r W
Axes L % [ I% -
4 | " D
Frequency (Hz) ?; a . ; b i \.";
g Fixed AspectRatio | § Ny
" el g |
i ! TePlotstoAxes b [ & B
9 Clear Ties - 7 ﬂ &
2000 S =
0 Time (s)
Plot £oom Spectiun Anen bz hes pbwis————

. Time [z = IFrequenu:y Hz] ™
w-fiis e\l |] -I I
i ||1nn|:| 3, 2T |2nnu ﬂ, ¥
i e'\l w-hdin w-din
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Figure 6 Spectrogram with frequency clipped between 2kHz and 6kHz

EPG sequences
As well as the Copy Palates function, it is possible to publish EPG sequences in the

publisher.
~ publisher =IOl

File Plot Edt Spline 20-Plot  Chart Shape  Axes

+
1I7 I‘IIIIIIHII IIIIIIIIHIHIIIIIII\ IIHIIIIIIIII‘IIIIII\ II . i II\ IIHIIII II ! i II III \IIII II II \I IIIII\ I‘ \I II i []
i i Y T Ty
¥- | Il I | 11 n |
0 : : : —
o H-Axis 0.82
Plot Zoonr Palate: BREs Mot BRes: Pt
e e\l & Showal  ShowM I,,;.Axis i~ I-""A”is i~
wMin (0000 ${IF | pMin 0000 3|
sesis O wMex[1520 2] | pMax[T000 2]
Figure 7 EPG sequence with tied axis (too many to view)
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Figure 8 EPG sequence showing 25 out of 80 palates (tick marks above show timings of all

80 palates)
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Figure 9 Click and drag a palate and the pattern changes to match the data at any time

point
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Figure 10 Combined plots including extra graphics such as text, lines, arrows, boxes, etc.

To publish the plot it is possible to copy to the clipboard (Edit | Copy menu) or to save as a
bitmabp file (File | Save Bitmap... Menu). Note that the clipboard may have a size limit that
prevents the higher resolution images from being stored. If this is the case then use the
Save Bitmap option. The size and shape of the plot depends on the size and shape of the
publisher window. However, the resolution can be improved by up to a factor of 8.

Sawe 527x211 ...
Sawve 1039x422 ...

Save 4216x1685 ... g

Publisher stores and manipulates copies of the data, not just the images

so when higher resolutions are selected the whole plot is redrawn to that resolution before
being output.

The contents of publisher are retained while AAA is running but are lost when the
application is closed. In order to save a plot that may have taken some time to create, it is
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possible to save the plot in a *.pub file using the “File | Save As PUB File...” menu.
Save Bitmap. .. k

Cpen PLE file...
_SaveAsPUB e,
Cloze
8 8
y-AXis y-Axis /
3 T T T T ] 3 T T T T 1
o] x-Axis 10 o] x-Axis 10
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| \ "“I“h lW,‘ "ﬁl‘(hl‘ “h |1 I )\Mh W|
I —-—”mq«vmlywmmmu‘WIWﬁ, e LI Ly L R m—
I I

y-AXxis

"
0 ]
0 2.562
| NEN
[ | | |
ERCCC
[ [ | ]
[ | W | |
[ [ [ ]
50— EERCC
cm
35 . T T T ™
0 Secs 2.555
BRIt sr i
I Secs I I I2.5|62
Spline workspace
Print palates
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Fitting Fan splines (Custom Fit parameters)
The fit splines tab (Figure 16) provides parameters to modify the behaviour of the Edge

detector for the "Custiom Fit" button.

Important: Changes to “smooth within keyframe” now affect the performance of snap-
to-fit, best fit and track. If the tracking is too high try lowering this value. A value in the
range 4-25 is typical.

The edge detector automatically fits splines to the tongue surface contour for a single
frame or indeed multiple frames within a recording. Details of the algorithm can be found

in Appendix A.
Fan Spline et S
Fit Spline l I:-:nnvert] Template] Batch Settings]
Search for
|Edge lighter abave ~| | ¥ Smoath while fiting
iz A ange

Restrictied to: |10.000 %] +/- % fan axis length

Feature vz Brightness

a0
Mean
Edge | i Eright
| Smooth within keyframe
_ 15% _
Nu:uneg | J High
k. Cancel

FIGURE 16 EDIT SPLINES DIALOGUE - FIT SPLINE
Search for — should usually be set to “Edge lighter above”

Axis range +/- % grid axis length — determines the maximum search distance away from
the current tongue spline position expressed as a proportion of the fan grid axis length.
Note that the search limit cannot be greater than the upper (roof) and lower (Min tongue)
limits but this imposes a further constraint. If a small value is chosen then the spline will
not move from the current position but the confidence values will be updated. See Snap—

to-fit below.
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Feature vs brightness — tells the algorithm to pay attention to the contrast of the light to
dark edge regardless of the overall brightness (0%) or Overall brightness regardless of how
good an edge there is (100%) A value of 30% usually gives good results but it can be
adjusted if necessary.

calculation (see Appendix A for further clarification)

Smooth within keyframe — determines the penalty for consecutive axis crossing points
(edge values) being at different radial distances. This is a crude smoothing function which
will be improved in future versions. A typical value would be 75% but if the tongue contour
jumps to bright spots away from the true contour it should be set higher. Conversely, if the
tongue contour drifts away from the image keeping a similar radial distance it is set too
high.

Smooth while fitting — check this to activate the within keyframe smoothing —
recommended

In the keyframes tab there are several preset spline-fitting options

izt | NumSearchLines:=2 EdgeVsBright:=0.30
Increment:=0.001;
WindowSize:=10
SmoothWithinKeyframe:= slider value
Smooth while fitting:=true
+/- Grid axis length:=2.0 %

Confidence:= as set in Edit Splines and under Fit Spline tab

Fastfit | NumSearchLines:=2
EdgeVsBright:=0.30
Increment:=0.005
WindowSize:=10
Smooth Within Keyframe:= slider value
Smooth while fitting:=true
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+/- Grid axis length:=50.0 %
Confidence:= as set in Edit Splines and under Fit Spline tab

BestFit | NumsearchLines:=3

EdgeVsBright:=0.30
Increment:=0.002
WindowSize:=10
SmoothWithinKeyframe:= slider value
Smoothwhilefitting:=true
+/- Grid axis length:=30.0 %
Confidence:= as set in Edit Splines and under Fit Spline tab

Custom Fit_| ses the values set in the Fit Spline tab
Applies snap-to-fit but uses the spline from frame n-1 as

the starting point except for the first frame when the current
spline is used. For this to work well, the first frame should be
fitted to the image, then this frame plus following frames can
be tracked.

Track Back | same as "Track” but works back from the last selected frame.

E Halts the automatic fitting while in progress. Use this if you see

that tracking is inaccurate.

Kepframes
Al
" Current

I~
* Selected [ A~ will run the fitting process on all keyframes in

the current recording.
Current - will run it on the closest keyframe to the waveform
cursor.
Selected - will run it on all the keyframes selected by clicking and

dragging in the waveform display
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Fitting 2D splines

2D splines have a different method of spline fitting. A snakes algorithm is implemented.
This adjusts the position of the knots to fit the spline to a nearby boundary. Unlike the fan
splines algorithm which searches the whole image space and then provides the best
answer, the snakes algorithm is iterative nudging the knots a small distance on each
iteration. It may find a suboptimal solution, particularly if it is allowed to run for a large
number of iterations.

Click the Atiract (Snakes] button for a single iteration or hold it down to keep iterating. Best
results seem to be achieved with one or two clicks. If the spline seems to be moving away
from the edge that it is supposed to model, it may be that the algorithm is looking for a
dark-light boundary instead of a light-dark boundary. There are two ways to resolve this.
One is to draw the 2D spline in the opposite direction (i.e. if it was drawn from left to right,
try drawing it from right to left). Alternatively (if the drawing needs to be done in a
particular direction) try changing the “Search for” option in the “Snake” tab of the 2D
spline — Advanced dialogue (Figure 17) to search for “Left Edge” rather than “Right Edge”.

To open the “2D Spline - Advanced” dialogue, click the L LENENEEE L button in the
“Spline” tab of the Edit Splines dialogue

Templates Shake l I:Dnvert]

Search for
Attract Snake || © Bothedges € Right edge

i* Leftedage © Brightness

Feature

Edge 0% E'r?gahr;
| J

Cloge

FIGURE 17 2D SPLINE ADVANCED DIALOGUE — SNAKE — SEARCH

Feature — determines the weighting given to whether the snake is attracted to the
brightest feature or to regions with the biggest difference between light and dark. The
default 30% mix is recommended.
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Eﬁﬂpline - Adva Eﬁﬂpline - Adva

Templates Snake l Eu:unvert]

Templates  Snake } Eorwertl

Search far Search-line length M ove knots
Altract Snake || Bothedges Hight edne from |2EI ﬂ i |5 ﬂ speed _
(* Leftedge  Brightness - m - m
Feature repulzion
Edge 30% e Searchiines 0500 =
| J count m per segment
M}M Search  Options

FIGURE 18 2DSPLINE ADVANCED DIALOGUE - SNAKE — OPTIONS

Search-line length — For each knot (and additional points on either side of every knot see
“Search lines” below), the algorithm searches the underlying image in a direction
perpendicular to the tangent of the curve. For each click of the “Attract” button the
algorithm will carry out a set of iterations determined by the “steps” value. With reference
to Figure 18, the “from” value determines that the algorithm will start by looking 20 pixels
either side of the spline. For each successive iteration it will start looking from the new
knot position, searching shorter distances until after 10 “steps” it will search only 5 pixels
either side of the spline.

Search lines — The Snake algorithm doe not just extend search lines from the knots
themselves. Points along the spline on either side of each knot have searchlines extended
from them. These additional points are equally spaced between the knot in question and
its neighbour. A value of 5 for example will extend search lines from an additional 5 points
on each side of a given knot in order to estimate how far to move that knot.

Speed — Speed determines the percentage of distance towards the best edge that a knot is
moved on each iteration. 3% (0.030) seems to be a reasonable value.

Repulsion — Repulsion determines how easily knots move along the spline towards each
other. This can be tricky to balance.

For more information on the Snakes algorithm see Appendix B

Batch Fitting Fan splines
Use the batch processing tab to add a Tongue, Roof and Min Tongue spline to a set of
recordings, create keyframes for the Tongue spline at every video or ultrasonic frame and
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then fit the Tongue spline to the contour all with one click. Come back the next day to
have all of your data splined.

Once you have recorded your video or ultrasonic data ( and synced it if it is video data), the
first step is to create a Fan Spline Template with a Tongue , Roof and Min Tongue spline.
The roof and Min Tongue splines need to be carefully positioned to exclude as much of the
image from the edge search without excluding the maximum and minimum extent of the
tongue surface movement. In particular, the Min Tongue spline should try to exclude the
floor of mouth region and leave room for an advanced root position in the /i/ vowel. The
Roof spline should be just above the estimated position of the hard palate. See following
section for more information on Saving fan spline(s) as a template.
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Edit Splines (e e

Splines] KeyFrames Batch process l

Chooze the recordings or annotations to fit splines bo— [“Autafit Spling

) Snap  Decimate |
Recordings Aot ations |

(04/05/2015 15:25:48) "The price range iz smaller t S”Fap TE il
(04/05/2015 15:37:25] "The price range is smaller th ast '_t
[04,/05/2015 17:44:57] "Sweallow yoghurt.'* EchoB, Eest Fit

Cuztomn Fit

Track

Template |C:\48217_02vmicro d70 700 Browse J Track Back

[ T Owensrte existing splines with termplate Add Template Orly .

Add Keypframes Spline Name

(" Single keyframe Tongue

1 =F
{* Ewerny Mth videa frame fames Process
= Ewery N mSec 40 :|" m3ec

v Monitor progress

[v Align to wideo frames Stop
I 0z |
Save and Cloze | Digcard Changes | tadified

Fan Spline LX)

FitSpIine] D:urwert] Template Batch Settings
[ Use Best fit for first frame of Track functior

I+ Smoaoth

[ Delete all existing 'Tongue', 'Foof* and "Min Tongue'
zplines before applying template.

] Cancel

FIGURE 19 BATCH SPLINING A SET OF NEW RECORDINGS WITH RECOMMENDED DEFAULT ADVANCED
OPTIONS.

1. Create a template by manually fitting Roof and Mon Tongue splines to define the
upper and lower limits for automatic tracking of the Tongue spline. Set the tongue
spline to an average shape for the data being tracked.
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2. Once the optimum template has been created and saved, select the “Batch
Process” tab in the Edit Splines dialogue and set the template name in the box
provided.

3. Use the filter option to select a set of recordings or a set of annotated regions.
Since this will run unsupervised in most cases it can be applied to every frame of
recording in a session.

4. Itis recommended to leave all the defaults as shown in Figure 19. The Track option
works best. [tracking is a snap-to-fit based on the position of the spline in the
previous frame].

5. If there is a valid template file (an *.fst file with a Tongue , Roof and Min Tongue

; Batch .

spline) then the ﬂ button should be enabled. Click to start the process.
It will work through every file. Each recording can take a couple of minutes, so a
whole session can take a few hours.

6. If thereis a problem click the w button. The process will halt but
everything created up to that point will be automatically saved.

Converting fan splines to 2D splines
It is possible to convert a fan spline to a 2D spline using the “Convert” tab in the dialogue.

........................................

To open the advanced dialogue, click the L I button in the “Spline” tab of the
Edit Splines dialogue
Fan Spline LX)

Fit Spline  Corvert l Template] Batch Settings

Cloze thiz dialog and convert curent
fan gpling into a 200 zpline

Corvvert
Mum knots |5 =

Cancel

FIGURE 20 FAN SPLINE - ADVANCED : CONVERT TO 2D SPLINE
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To convert, select a fan spline in the edit splines dialogue then use the convert dialogue
(Figure 20) to convert it into a 2D spline with the specified number of knots. The 2D spline
will match the shape of the fan spline as well as possible given the number of knots.

Converting 2D splines to fan splines
If a 2D spline is selected in the Edit Splines dialogue then a “Convert” tab is available in the
Advanced dialogue, similar to that which is available for Fan Splines (see Figure 21). Select

. ) Convert .
the appropriate fan setup then click the button to convert the 2D spline

to a fan spline.

Note that parts of the 2D spline that lie outside the fan will be lost. If the 2D spline does
not cross a given fan axis then a value will be made up with the same axis magnitude as the
nearest axis that the 2D spline crosses and it will be given a confidence value of zero.

12D Spline - Adva

Templates] Snhake Convert l

Corvert 20 to Fan

Cloze this dialog and convert current
20 zpline into a fan zpline

Convert

Fan Setup |mED7.55 PAL 10 » |

FIGURE 21 2D SPLINE - ADVANCED - CONVERT TO FAN SPLINE

Saving fan spline(s) as a template

Once the “Roof” and “Min Tongue” splines have been set for one recording in a session, it
is possible to save three fan splines as a template so that this task does not need to be
repeated for every recording. First, open the advanced dialogue by clicking the

2| button in the “Keyframes” tab of the Edit Splines dialogue. Then select the
“Template” tab. You may need to click the LlLI buttons to see this tab. The dialogue is

shown in Figure 22.

To Save all three fan splines as a template (recommended) click the second Save button.
The following edit box will appear.
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Save Fan Spline Template e

Template name
|0BMRIM_290717]

k. | Cancel

Give the template a name that relates to the speaker and session and possibly the project.
Fan templates are stored in the application folder as *.fst files and are not tied to projects.
This means that they are available for use across projects but if analysis is to be carried out
on a different PC then it is necessary to copy these *.fst files to the application folder on
the new PC as well as copying the project to be analysed.

Fan Spline ﬁ

FitSpIine] Corvert  Template | Batch Settings

EchoB FOW104 DA0 c Save curent fan
EchoB FOV140D70 _*3%° | spline as a template
micro d70 F0fow

Save all fan =plines

Save
az a template

Del | Delete thiz template

Tongue -
R oof
kin Tongue

] Cancel

FIGURE 22 FAN SPLINE TEMPLATE DIALOGUE

Saving 2D spline(s) as a template

If a 2D spline is selected in the Edit Splines dialogue then a “Templates” tab is available in
the Advanced dialogue, similar to that which is available for Fan Splines (see above). The
only difference is that 2D spline templates are saved with the postfix *.2st.

Spline Workspace

The spline workspace can be invoked by clicking the MI button in the spline or
keyframe tabs of the Edit splines dialogue. It can also be invoked from the application
“File” menu by clicking “Spline workspace...”.
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The workspace is a depository for accumulating splines from different time points, different
recordings or even different projects and superimposing them on top of one another. It is
possible to create “average” fan splines (averaging is not implemented for 2D splines) and
calculate distances between splines within the workspace. Splines can be rotated and
translated in the workspace to compensate for frame to frame movement. Splines from
different sources are scaled using the ruler from each source so that all splines in the
workspace are at a uniform scale and can be compared

There are two ways to copy splines into the workspace.

Copy to Workspace Method one:

Use the M button in the Edit Splines dialogue to copy all the currently
highlighted keyframes in the current recording to the workspace.

Copy to Workspace Method two:

If you have annotated (labelled) segments throughout your dataset and fitted splines to
this data then it is possible to use the “Data export...” (Page ) dialogue to copy splines (

v Export to Spline Workspace ) from selected time points across your dataset in one go. See
the Export Splines section for more details. For example, you may have labelled all the /I/
segments in your dataset and specified syllable position. It would then be possible for
example to export all of the tongue splines from midpoint of /I/ segments in a syllable final
position. It is then possible to create an average and compare that average to, say, the /I/
segments in syllable initial position. Or, instead of the midpoint, you could export the time
point determined by an analysis value such as EPG contact pattern with the minimum
tongue-palate area in the alveolar region.

Spline selection list — to the left of the Workspace dialogue. There is a list with one entry

for each spline that has been added to the workspace. Click on one to highlight it in the

display or click and drag to select more than one spline. The =+

spline that is selected (see later section on moving splines)

symbol will point to the last

Spline information — Every time a spline is added to the worksapce, information about the
recording and timepoint it came from is gathered and held with it in the worksapce. This
data is displayed on at the top right of the workspace dialogue.

Cursor Co-ordinates — When the mouse is moved over the workspace it changes it

appearance to a cross (‘|‘) . The position of this cross is diaplayed on the righthand side of
the display as x-y values in centimetres.
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FIGURE 23 SPLINE WORKSPACE

There are three tabbed windows at the bottom right of the workspace dialogue controlling
different aspect of the workspace.

Spline workspace Options tab
This control determines the following aspects:

Visible — makes the selectes splines in the workspace visible or hidden

Fan Visible — makes the fan associated with each spline visible or hidden (deactivated
currently)

Copy —Copies a selected spline ready for it to be pasted into a recording or into the
workspace as a duplicate

Paste — pastes a copied spline or set of splines into the workspace.
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FIGURE 24 SPLINE WORKSPACE WITH LIST OPTION SELECTED PROVIDING A SELECTABLE LIST OF SPLINES ON
THE RIGHT. MAKES SELECTING SETS OF SPLINES FOR MOVING OR DELETING EASIER.

Delete — Deletes the currently selected spline

Tip: To delete all the splines and clear the workspace. Select the rightmost spline, click
on delete, then hold the <return> key down.

Copy to publisher — copies all of the currently highlighted spllines to the publisher facility.

Fans Visible — quick way to hide all of the fans associated with each spline. (deactivated
currently)
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Calc Means & s.d. - This function creates a mean spline from the subset of splines that are
selected in the workspace. A mean value is calculated for each of the 42 fan-lines. The 42
means are calculated independently and the mean tongue contour is drawn based on
those 42 points. It is possible to do it this way because each spline is defined by points that
lie on exactly the same 42 axes.
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FIGURE 26 MEAN AND STANDARD DEVIATION OF A GROUP OF SPLINES.

Diff — Select two splines and click “Diff”. It's shown as a "zero" line with
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spokes to the "difference" line.

If it's a difference between two Mean/SD splines then it calculates a T-test

for each spoke. At the moment, the software just draws a thicker spoke if the T-Test is
significant at 2%. It uses a 2-tailed test assuming unequal variances and unequal sample
sizes and uses the Welch-Satterthwaite equation.

FIGURE 27 A) TWO MEAN TONGUE SPLINES (BLACK)WITH +/- 1 S.D. (GREY LINES)

B) THE DIFFERENCE CURVE WITH THICK SPOKES SHOWING SIGNIFICANT DIFFERENCE IN A T-TEST AT 2%

Spline workspace Move tab
Allows selected splines to be moved and rotated within the workspace relative to

unselected splines.

Dptinns] Export  Move lFiIe ]

b e Fotate

4
o =

hd

Feset | blirror |

Q - Data

FIGURE 28 THE SPLINE WORKSPACE MOVE CONTROL
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M ove

4
:!:ﬂ

Fotate:

[
=
Reset |
Mirrar |

Fans same | ¥ Keep
Data

Translate all selected splines up down left or right a discrete
amount for each click or hold button down to continue to
move

Rotate all selected splines anticlockwise or clockwise a
discrete amount for each click or hold button down to
continue to rotate

Return all selected splines to their initial position.

Flip all selected splines with respect to the workspace Y-axis.

If the keep data checkbox is NOT CHECKED then this will reset all
fan splines back so that they lie on top of each other, undoing
any rotation and translation.

If the keep data check box is CHECKED then this merges all
rotated and translated fan splines so that they remain in the
altered positions but are referenced to a single fan grid
determined by the spline in the list with the symbol next to it.

NOTE: In order to average splines that have been rotated and translated, they MUST BE

MERGED.
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Spline workspace export tab

The export control provides a means for exporting the splines in the workspace to a text
file as sets of 42 or more co-ordinates. These can then be read into excel or Matlab and
plotted or analysed further. This is an alternative to the more common "Export data.."
option with the advantage that the data in the workspace can be from several projects.

Splines—— . .
 Selected Choose to export all the splines in the workspace or only the
folr| ones that are selected.

Choose to export the splines as x-y (cartesian co-ordinates in
an x y <newline> x y <newline> x y format. Or as magnitude

Efulr:dst ; angle (polar co-ordinates) in a M 6 <newline> M 6 <newline>
* areszlan
 Polar M 6 format.

Interpolate the spline curve to output more than th 42

Interpolate:

m control points 1 = 84 points; 2 = 166 points; 3 = 248 points

Select the cofidence value above which the co-ordinates are
Conf. Thresh, exported as numbers. Points along the spline with
|5':I Ev confidence value lower than the threshold will be exported

as asterisks (*)

Spline Workspace File Tab

A workspace can be saved to a *.wsp file. This is a text file

Openfile of splines | with the information about all splines in the workspace. It is

recommended to save the workspace at regular intervals.

This is not done automatically.

Save Splines to File |

Merging roof splines from one recording to another

It is often the case that Palate traces are made in a separate recording from the actual
speech data. Palate traces can be done by filling the mouth with a liquid or paste such as
water or yoghurt. Traces can also be made by drying the tongue and pressing it against the
roof of the mouth ( the dry tongue traps air between the papillae so an air boundary is
retained which shows up well). Regardless of how the trace is obtained, it will be desirable
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to trace the shape of the roof and merge it into all the other recordings that have speech
data so that distances and areas between the tongue and the roof can be calculated.

Merging can be done in the following way:
1. Draw the roof spline in the palate trace recording and copy it to the workspace.

2. Save and close the palate trace recording then open up a recording with speech
data and add splines

3. Select the roof spline. (IMPORTANT)

Pazt
4. Then click the il button in the Edit splines dialogue (keyframes tab
option)

5. The roof spline curve will then be merged into the current roof keyframe of the
current recording, replacing what was there before.

Publisher
Create publishable quality diagrams from AAA data.

Although it is possible to capture bitmaps from the screen the quality is not adequate for
Journal publication. The Publisher facility within AAA (See AAA manual for more details)
allows high resolution (e.g.600DPI) images to be created. With the ultrasound module
comes the ability to export 2D spline contours to the publisher. Using the Publisher image
importing function in combination with the Video Display window “Copy Bitmap” function,
ultrasound video frames can also be incorporated.(See Figure 29 for an example).
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y-Axis

y-Axis y-Axis /
3 . — . | 34 . . . . |
0 x-Axis 10 0 x-Axis 10
5000 — : — ;
‘ ) MW“‘ lml. ML »m W‘
i A o Amﬁ, aa oo osn b b f oo —
=T
T L

| | "

T

o] Secs 2.562

I O O
N O O
o

50—

cm

35 T T T T T
o] Secs 2.555

o] Secs 2.562

FIGURE 29 AN EXAMPLE PUBLISHER OUTPUT WITH SPLINES

Spline Analysis Values

As with EPG, it is possible to create analysis values derived from the spline curves. The
values are based on either the absolute distance from the fan origin to the spline or on the
relative distances between splines along the fan grid axes. In all cases regions can be
constrained to lie between fan lines

Analysis values based on fan splines
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e el oV LX)

rpinEtu:uEI S pline —Add Analysiz—
%3 . - Palates
tip Fan Spline | 20 Spline | il
| [tir? | Posa DistaB | Aea | Formants
tp ban pos | tin poz | Spline
hp4 [
lip_nin =
tip_mity it -~ Paint
- 5 pline & ITl:lngue LI R
—Analser
Load
Save bz
line M Irnport
Delete Analysis
'-,‘»-"alue;{Display ! Bl

FIGURE 30 ANALYSIS VALUE: POS A. INTERSECTION OF SPLINE AND FANLINE
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Spline Pos A
Fan Spline l 20 Spline | The radial distance from the origin of

Poz A Dist A-B Area where Spline A crosses fan axis N.
Max poz | Min pos |
Mazdist | Mindist |

Points

Spline & |T|:|r‘|gue -

Spline B |Roof - Dist A-B

Fan M |ant 1 j Measures the distance from where

Far M |ant1 j Spline A crosses fan axis N to where
Spline B crosses fan axis M. Most often N

Diztance from where Spline & crozses
far line M to where Spline B crozses

far line

\Walue A Display /

FIGURE 31 ANALYSIS VALUE DISTANCE BETWEEN TWO SPLINES

Spline

Fan Spline l 2D Spline]

and M will be set to the same value and
Spline A will be Tongue while Spline B
will be Roof.

Area

Measures the area between Spline A

Poss | Dista® [ Area and Spline B, bounded by fan axes N and
Man poz | Minpos | M on either side. For example Spline A
Max dist | Min dist | and B are usually Tongue and Roof

P;:ﬂ:feﬁ [Tongue B respectively. The alveolar area might be

_ bounded between fan 7 and fan 13 but
Spin B |Hmf ﬂ this can be determined by observation
Fan M |First Frart & for any given recording.

Fan M tiddle

Area enclozed by Spline A, Spline B,
far line M and fan ine M

\Walue A Display /

FIGURE 32 ANALYSIS VALUE: AREA BOUNDED BY FANLINES AND SPLINES
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Max Pos

Spline
Determines the fan axis index (0-41)

Pas & | Dist 4B I Area | corresponding to the Spline A crossing

I Max pos Min pos | point with the highest radial distance

bax dist I Wi dist | from the fan origin.
—Paint
Spline & I Tongue j
FanM  [Lastof &l =
Fantd [First of &l =l

Fan line number for masimum position
of where Spline & crozzes fan lines

'-,"-.-’alue,l'-',DispIa_l,l I

FIGURE 33 ANALYSIS VALUE: FANLINE MAXIMUM POSITION
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Spline Min Pos
Fan Spline l 20 Spline | Determines the fan axis index (0-41)

Posa | DistAR | Area | corresponding to the Spline A crossing
tan pos | Min pos point with the lowest radial distance
Man dist | Min dist | from the fan origin.

Points

Spline & |Tl:|r‘|gue ﬂ

FanM |First Frant ﬂ

Fan M Firzt Middle

Fan line aumber for minimum pozition
of where Spline & crozses fan lines

\Walue A Display /

FIGURE 34 ANALYSIS VALUE: FANLINE MINIMUM POSITION
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Spline

Fan Spline l 2D Spline]

Poss | Distag | Awea |

Max poz | Min pos |
| bz dist kdin dizt

Faints

Spline & |Tl:|r‘|gue ﬂ

Spiine B |Roof -]

FanM | Firzt Front -

Far b First Middle

Fan line rumber for maximum diztance
from Spline & to Spline B crozsing fan
lires M-hd

\Walue A Display /

Max Dist

Measures the distance between Spline A
and Spline B along each fan axes in the
range N to M and determines which axis
has the largest relative distance.

Included for completeness — no obvious
application

FIGURE 35 ANALYSIS VALUE: FANLINE MAXIMUM DISTANCE

Spline
Fan Spline l 2D Splinel
Poss | DistAB | Aea |

Max pos | Min pos |
b aw digt | kin dizt
Faints
Spline & |T|:|ngue j
Spline B |H oof j
Fan i | Firzt Front hd

Far b4 First Middle

Fan line number for minimum distance
from Spline & to Spline B croszing fan
lines M-t

\Walue A Display |

Min Dist

Measures the distance between Spline A
and Spline B along each fan axes in the
range N to M and determines which axis
has the smallest relative distance.

For example Spline A and B would
normally be the Tongue and Roof splines
respectively and

N and M may be 7 and 24 corresponding
to the position of the first and last rows
of an EPG palate. In this way the
constriction point can be identified.

FIGURE 36 ANALYSIS VALUE: FANLINE MINIMUM DISTANCE
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Analysis values based on a Fiducial

Crucially this allows distance measures to be made for 2D splines. e.g. lip aperture can be
measured on lip video. A fiducial also has the advantage that it can be oriented in any
direction and start at any origin. It is not constrained to follow radial lines from the centre
of the probe but can be positioned relative to some visible anatomical landmark.

Spline Pos A
Fan Splne 2D Spline l The radial distance from the origin of
Poz & Dist 4B MN | Area | where Spline A crosses the specified
Dizt M Kot | Angle M Kot | Fiducial.
Foints
Spline & |Tongue |
Fiducial M |0 -

Pozition of where Spline A croszes
fiducial M

VW alue f Display /

FIGURE 37 ANALYSIS VALUE: POS A. INTERSECTION OF SPLINE AND FIDUCIAL

Dist AB MN

Measures the distance between spline A
and spline B along fiducial N.

Most often Spline A will be Tongue while
Spline B will be Roof and Fiducial M and
N will be identical. i.e. measure the
distance between two splines along one
fiducial.
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Spline
Fan Spline 20 Spline l

_Posa |[DistABMN  _ Area |
DistM Knat | Angle M knat |
Foints
Spline & |Tl:|r‘|gue ﬂ
Spline B (5l -
Fiducial N |Fid1 =]
Fiducial M |Fid2 -]

Diztance from where Spline & crozses
fiducial M to where Spline B crozzes
fiducial b

\Walue A Display /

FIGURE 38 ANALYSIS VALUE: DIST AB. DISTANCE BETWEEN TWO SPLINES ALONG FIDUCIAL

Spline Area
Fan Spline 2D Spline l Measures the area bounded by spline A,

Pos& | DistABMN || Area spline B ,fiducial M and fiducial N.

Dist M Kot | Angle M Knot |
Paitts

Spline &, |T|:|ngue j

Spline B |HDDﬂ j

Fiducial N |Fid1 |

Fiducial t |Fid2 |

Area enclozed by Spline &, Spline B,
fiducial M and fiducial b

WWalue £ Display /

FIGURE 39 ANALYSIS VALUE: AREA. AREA BOUNDED BY TWO SPLINES AND TWO FIDUCIALS.
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Spline
Fan Spline 20 Spline l
Posd | DistABMN | Area |

Dist M Kot Angle M Knot |

Faints
Spline & ||3|3T|:|ngue j
Kot |'I ﬂ
Fiducial N |M |

Digtance from fiducial M origin to
Spline & knot K

\Walue A Display |

Spline
Fan Spline 20 Spline l
Posd | DistABMN | Area |

DistM Knot || Angle M Knat

Faints
Spline & ||3|3T|:|ngue j
Kot |E ﬂ
Fiducial N |M |

Angle between iducial M and Spline A
kit k.

\Walue A Display |

Dist M Knot

Measures the distance from the origin of
Fiducial N to the specified knot on the 2D
GG Spline.

Angle M Knot

Measures the angle between the
specified Fiducial and a line defined by
the Fiducial origin and the specified knot
on the GG Spline.
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Spline Export

Spline data can be exported either as analysis values or as x-y values. To export the co-
ordinates it is best to check the I E#portta Spline Warkspace  poy ynder the Export file tab
(See Figure 40). All the selected splines will then be exported to the spline workspace from
where they can be exported as co-ordinates. An extra Splines tab appears (Figure 41) which
provides the option to select either the tongue spline or the roof spline or both for each

time point.

Articulate Assistant - Export

Expart File | Filter I Rows I Eolumnsl Splinesl

rChooge where the data will be exported to:
v Export to file [

[+ Export to Spline "Waorkspace

Hame of Export File:

Il::'xe:-:pmﬂ bt Browse |

Copy splines to the Spline Workspace

1. Filker
Specify which records ar parts of records should be used. They may come from a zingle recarding or many
recordingz. The whole or each recording may be uged or partz may be specified via annotationz.

2. Rows
Specify when the recording zhould be sampled. The Spline for each sample time will contribute to the
calculation. Splines may come fram the whaole annotation [or recording) or just selected frames.

3. Splines
Click Export to copy the gpecified zplines to the Spline Workspace

Cancel |

Esport Setu

Open |
Save |
Save Az |

FIGURE 40 EXPORT DATA: EXPORT TO SPLINE WORKSPACE
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Articulate Assistant - Export

E xpart FiIeI Filter I Fows I Columnz  Splines |

rCopp Splines to Spline Work space

—Spline

[~ Foof values
Other

Cancel |

Esport Setu

Open |
Save |
Save Az |

FIGURE 41 EXPORT DATA: SPLINES TAB APPEARS WHEN EXPORT TO SPLINE WORKSPACE IS CHECKED

Alternatively, the ﬂl button under the Columns tab (See Figure 42) provides the
option to export the 42 polar co-ordinates (radius in millimetres or % length of fan axis and
angle in radians) or to export the 42 Cartesian co-ordinates (x-y) directly to the export file.
Only the 42 radial axis crossing points can be exported with this direct option. The

confidence values can also be exported in this way.
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Articulate Assistant - Export

Expart FiIeI Filter | Rows Columns |5plines|

rChoose what text will be written for each line of the export file
. walues of zpline "'Tongue"

Client | Time | Frompt | Annotation |

Annotation Label

Diuration of annotation
#.7 values of #pline "Tongue"

Add | Delete | Move Down | Move Up |

Time of zample in recording Palate | Analpsis ” Splines  Video | UItrasu:-nixl

Spline Mame | Tongue
Fioof

Min Tongue
Spline 4
Spline 5
Spline &
MRl tongue

Edit |

Spline Name I\-"alue I Origin I

Wwites the 27 coordinate values of the 42 zpline
points of zpline "Tongue" Any points with
confidence level less than O are replaced with a *

Execute |
Cahcel |

FIGURE 42 EXPORT DATA: COLUMNS DERIVED FROM SPLINES

Spline Mame List

Tongue

Foof

kin Tongue

Spline 4
Spline &
Spline B
MBI tongue

Al Splines I b azter Fiducial Splines

].4

FIGURE 43 SPLINE NAME LIST EDITOR
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Spline Name Editor

The list of spline names is automatically populated from by searching the current project
for unique spline names. There is a maximum limit of 32 names that can be listed. This is
because AAA needs a fixed index to carry out searches.

If there are more than 32 spline names in the project then the list can be edited to include
the names of the splines that are required for export.

Master Fiducial

It is possible to rotate and translate exported data relative to a fiducial. That fiducial can
either be a single "Master" fiducial or, if no master fiducial is specified then it will look for a
fiducial in each recording from which data is exported. " A "Master" fiducial is useful if a
single recording is made with a bite plane at the start of a session and the master fiducial is
aligned to that bite plane. The other recordings in that session can be rotated to that bit
plane. Then is the same speaker returns for a second session with a slightly different
headset position then a new master fiducial can be set to the new bite plane and data
exported so that it lies in the same co-ordinate system as the first session. Rotation and
translation could be used within a session to correct for head movement for instance if lip
data is exported and the fiducial is based on fixed cranial features such as the bridge of the
nose that are visible in every frame.

Clignt | Tirne | Prarmpt | Annatation |
Palate | Analyziz ”m Yideo | [dltrazamis |
Walue
" Radius [0..100%) Additional Interp. Pts
" Radiuz [mm] 0 x
™ Angle rad) Confidence Thresh
{o .y o) . -

Confidence (0.100%) Mearest kevframe iz <=

<
r Name 1000000 2 ms
<

MHurn points

Spline Mame  alue |Elrigin ]

Wwiikes the #% coordinate values of the 42 zpline
points of spline "'Tongue" Any paints with
confidence level less than O are replaced with a

FIGURE 44 SPLINE EXPORT: VALUE TAB
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Value
Select the co-ordinates to be output.

Additional Interpolation Points

Splines are interpolated between keyframes. If the nearest keyframe to

Spline analysis values can be exported using the ﬂl button under the columns tab.

Confidence Threshold

Every control point of every keyframed spline has a 0-100% confidence value associated
with it. When exporting spline co-ordinates it is possible to only export the co-ordinates
when the confidence is above a set threshold value. By default the threshold is set to 0%
which means that ALL values are exported regardless of the confidence. Confidence above
80% is shown on the display as a solid line, so by setting the Threshold at 80%, only those
co-ordinates which look solid on the image will be exported as numbers. Vlaues below 80%
will be exported as Asterisks "*". Any threshold value between 0 and 100 can be selected.

Nearest keyframe is <=X ms

If all the time points being exported are supposed to be close to keyframes then this
threshold value can be set to a low value. For example if the ultrasound frame rate is 60Hz
then a value of 17ms could be chosen. In this case, if the nearest ultrasound frame does
not have a keyframe associated with it then the values will be replaced by a Hash "#" and
it will be apparent that the data needs to be reviewed and a keyframe added near that
point.

By default the value is set to 100seconds to ensure that ALL values are exported.

Origin
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Clignt | Time | Prarmpt | Annatation |

Falate | Analysis | Splines  Wideo | Ultrazaniz |
Abzalute

f« Ewport Abzolute Walues
Offzet relative to spline Fratation Mirrared
Fiducial Spiine | Spline 5 RN ekt & [

 Dffset - E?i?nti-cluckwise " 90" anti-clockwize
™ Qffset and rotate v 180 ¢ 18d
 Dffset. rotate and scale 90" clockwise 90" clockwise
Spline Name] Yalug  Origin

Wiites the %% coordinate values of the 42 zpline

pl:uint_s of zpling "Tongue' Any points with _

cohfidence level lezs than O are replaced with a &l e ] Vale' | Botats

FIGURE 45 EXPORT SPLINES: ORIGIN, OFFSET AND ROTATION.

A Fiducial has an origin, an angle and a scale associated with it. The Origin tab permits the
exported data to be normalised by one or all three of these factors.

Note that if polar co-ordinates are exported then radius values have no option to rotate or
translate as this makes no sense. If angle values are exported then these can only be
rotated or mirrored by 90 or 180 degrees ( see Figure 45). If other options are required
then please contact Articulate Instruments to discuss this.

Analysis tab
The Analysis values created from splines can be exported using the analysis tab.
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Clierk Ti P t
= | i | LS | Select the desired spline-based analysis

Annatation | Palate I Analysis =plines | value (e.g. tongue-spline distance)

previously created using the Analysis

Alveolar Clogure -

Alveolar Tatal Values dialogue.
COG

Falatal Total

YWelar Clozure

Welar Taotal

“Whale Total

i T ongue-palate dist

Ebds Bridge of Moze

Etda Bridge of Noze.y

Etd Bridge of Moze.z

E b Jaw

Erdd, Jai

Ebdt Jaw.z

Ebds Left Earx

Fhd | &ft Faru LI

YWritez analyziz value: Tongue-palate dist

Under the rows tab there is an extra option to allow export time points to be based on
video tick marks (See Figure 46)

Articulate Assistant - Export

Expaort FiIeI Filter = Rows |EOIumns| Splinesl m
i Choose the rows to be exported Cancel |

Data values | D1ata summary I

Esport Setu

Open |
Save |
Save Az |

rWithin each annotation, write one row for

AIEPG zamples ” Al Video frames M egually spaced | Single point select

[~ Also Start and End

Include IIJ 3, mz befare annatation
Include IIJ 3, mz after annatation

e P O PEIS

FIGURE 46 EXPORT DATA: ROWS BASED ON VIDEO FRAMES

Ultrasonic tab
Raw ultrasonix data and ultrasonix parameters can be exported using the ultrasonix tab.
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Single raw pre-scan frame - for each exported time point, a binary file consisting of a single
frame of ultrasonix data is created and the filename added as a column in the exported
text file. File format is single byte integers corresponding to each pixel of each scanline
ordered by scanlines. i.e. scanlinel scanline2 scanline3 .... scanline N Filemname is in
format Clientname_Datetime_frameNum.ult

Whole raw pre-scan - as above but the whole recording is ouput and the filename format is
Clientname_Datetime.ult If more than one time point is exported from the same timepoint
the file is only written once. The values frame number, Number of pixels per scanline and
Number of scanlines can be used to reference the appropriate frame of binary data.

Whole avi recording — converts ultrasonic data to movies. The make movie dialogue will
pop up once to allow the movie layout to be designed, thereafter every export row will
produce a movie with those specifications.

Clignt | Time | Prarnpt | .-i'-.nnn:ntatihn:m |

Palate | Analyziz | Splines | Wideo || Ultra-sl’gic

Itrazonic Data

(" Single raw pre-zcan frame

Single frame image

D

W'hole raw pre-zcan recording
Whale avi recording

Murmber of zcanlings

MHumber of pixels per zcanline
Pisels per mm

Angle between scanlines

Probe surface offzet pikelz

i I T B B B

Frame rumber

FIGURE 47 EXPORT: ULTRASONIC DATA

Shortcut Keys

Help F1
Playback F2
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Record F3
Select visible region of waveform Click waveform then Ctrl+A
Adjust selected region/ selected annotation Ctrl + drag mouse
Select region in Palates or Analysis values windows Shift + drag mouse
Revision Date Notes
2.10 04/11/10 | Added Imperx Expresscard54 video capture capability
2.14 03/02/12 | Overlays, 2D splines,
2.15 06/04/14 | Spline Export, Fiducials, Dfg2Usb card, Ultrasonix recording setup and

support for Exam 5.7.*

2.16 03/10/15 | Ultrasonic data type expanded to include EchoB: Anavals(*.avl) and
Data Export configuration (*.xsu) now stored separately for each
project; recalculation of analysis maths values revised.

216.11 02/06/15 Batch splining added. New “Make movie” dialogue replaces “Video avi
export”. Frame averaging display option for ultrasonic data.

216.12 18/07/15 Batch splining improved. Make Movie dialogue bugs fixed. Export from
spline workspace changed to matrix format.

216.13 25/11/15 | Comm bug fixed. “Unable to write” export data bug fixed. Post
acquisition frame averaging option added to EchoB storing tab.

217.01 05.09/16 New real-time edgetracker. Complete rewrite of ultrasound display
code. Automatic detection of EchoB or Micro probe or machine
connection. Continuous record of audio and EchoB/Micro.Faster
ultrasonic file save.

217.02 24/05/17 | Offline edgetracker now works on raw data making it 100x faster.
Several bugs have been fixed.
221.12 ??/??/25 Major rewrite of whole manual.
Appendix A

Fan Spline fitting algorithm

b Based on a fan grid with 42 axes (ultrasonic data uses the raw data vectors)
b Set search upper limit (palate) and lower limit

b Search along each axis for best edge
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b Find the 3 consecutive axes with the best edge and use as an anchor for second pass

b Search out from the anchor with a penalty for being a different radial distance
(smoothing function).

Note the edge error value and use as “confidence” measure of edges

The edge detection algorithm

e Triangular weighting function

o Not all pixels sampled

e Edge confidence = 30% brightness (R1+R*1)+70% brightness(R1-R*1)
e h =approx 20 pixels

e Increments = 0.2% of axis (about 1 pixel)
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Comparison of algorithm (right image) with Edgetrak (left image)

increments
Vi+1

Queen Margaret Univers
1D:

Operation prompt inforsation

Appendix B
SNAKE spline fitting algorithm

2D splines

A cubic spline passes through several knots. There are no extra control points (as with B-
Splines) - we feel that controlling the spline simply by the positions of the knots is more
intuitive for users (who set the initial position of the spline) and is easier for any Snake
algorithm.

The line is composed of several segments - each segment runs between two adjacent knots.
The segment is drawn with "time" t running from 0 to 1

X = ax*t3 + bx*t2 + cx*t + dx

y = ay*t3 + by*t2 + cy*t + dy
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The coefficients (a,b,c,d) for the line between knot N and knot N+1 are calculated
independently for the x-coordinates of the line and the y-coordinates.

t:D "~ L
-1=0 =1

The coefficients are calculated so that:
1. the line passes through the two knots N and N+1
2. the slopes at knots N and N+1 are specified

The slope at knot M (dx/dt or dy/dt) is the slope of a quadratic which passes through knots
M-1, M and M+1

If two knots have no neighbour to the left or right then a quadratic expression is used for the
segment. If two knots have no neighbours to both the left and right then a linear expression
is used for the segment.

This form of spline has been found to be well behaved and is intuitively easy to use. It is not
completely rotationally invariant but the variation is negligible.
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T

(11 knots)

There are several advantages to using this form of spline to represent a Snake. The
coefficients and the line are quick to calculate. There are only knots, not knots and control
points. If the snake "knows" that a line segment should increase its curvature and move up,
then which way should it move the knots and the controls points or a B-spline or Bezier? We
have only knots and the line reacts sensibly to changes in the position of a knot.

Snake

A Snakes algorithm moves the knots so that the line gets closer to a "feature". We are
interested in edges so a "feature" is an edge. It could equally well be a particular brightness,
a dot, the end of a line or a combination of features.

The algorithm is iterative. In each iteration, the algorithm must decide where to move each
knot: how far and in which direction.

To move knot N, search-lines are drawn normal to the tangent to the spline. A search-line is
drawn through the knot and w search-lines are drawn on either side equally spaced between
knot N and knots N-1 and N+1. In this example, w is 5 and the search-lines extend h = 20
pixels on either side of the spline.
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The pixels lying under each search-line are examined working from one end of the search-
line to the other:

p is the brightness of the pixel being examined

g is the brightness of the previous pixel

We are looking for edges so we calculate a number which is bigger if there is an edge near
the the spline:

left-rising c:= + (p-g)*sign(ay)

right-rising c:= - (p-q)*sign(ay)

either c := abs(p-q)*sign(ay)

ay is the distance along the search-line from the central spline

If p is different from g then there is an edge. The edge can be "left-rising", "right-rising" or
either. The snake will hug "internal" boundaries, "external" boundaries or both.

We calculate a weighted value of c

weight = (h-abs(ay))/h;
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the weight is 1 on the spline and decreases linearly to zero at the ends of the search-line.

Knot N

s T
||II||||||||||||| |

The image does not have to be smoothed. The above calculation automatically smooths the
contributions from different pixel-pairs.

Knot N-1

Each (weighted) value of c contributes to the movement of Knot N. If the sum of cis positive,
it implies shifting the line to the "left". So the origin of the search-line should move "left"
along a vector d. The length of d is given by c, the direction of d is the direction of the search-
line.

The d values are vector-summed to give an overall movement for Knot N. This is a weighted
sum: the weight falls off linearly with distance from Knot N and is zero at Knots N-1 and N+1.

The weighted sum of d is scaled by a "speed" factor which controls how fast the Knot moves
in each iteration. Typical values range from 0.005 to 0.05.

The algorithm is iterated several times (typically 10 to 100). At first, the search-lines are long
(h = 20) which gives a coarse movement of the knots but has a large capture distance. Later
iterations have smaller search-lines (h = 5).

Knots move along the spline

With successive iterations, the knots move around. They move the spline from side to side
and they move along the spline. You may require several iterations of the above (iterated)
algorithm to see the effect.

If two knots get too close to each other (within one or two pixels) then the spline goes crazy.
A term can be added to force pixels apart. This force should only act over small distances and
should be negligible above (say) 10 pixels. A suitable force involves moving each knot away
from each neighbour (N+1, N-1) by a distance k/d (d is the distance to the neighbour; k is a
speed constant, e.g. 0.3).

You could restrict each knot only to move along the search-line that passes through the knot:
so the spline moves from side to side but the knots don't move along the spline. The knots
then tend to stay spaced-out as they were originally placed. The knots generally, move along
the spline to sensible positions, so it usually isn't neccessary to force them to retain their
original spacing. However, if the spline is not closed then the end-points can occasionally
wander off. We have restricted the movement of the endpoints of the spline so that they
can only move along their searchlines and not move so as to extend or shrink the overall
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distance between the endponts.
Some snake algorithms introduce other internal forces into the snake:
- tension: pulls the knots together like a rubber band

- stiffness: straightens the spline

For our application, both tension and stiffness do more harm than good.
Rather than search for edges, we can search for pixels of a particular brightness:
brightness c :=-abs(r-p) *ay/h /10
ris the "required" brightness

(the "/10" constant brings the value of c into the same range as the edge calculation)

A combination of 70% edge detection and 30% brightness detection seems to work well. (The
required brightness is the mean of the pixels under the spline.) The snake follows a strong
edge but where the edge becomes ill-defined, it follows the mean brightness.

Appendix C

File formats

Ultrasonic
<stem>.ult is a binary file consisting of a sequence of N vectors. Each vector represents a
scanline.

<stem>US.txt is the associated text file with values needed to read and reconstruct image
from binary data

Reading parameters
'NumVectors ‘= <number of vectors>
'PixPerVector’ = <number of elements in each vector>

'‘BitsPerPixel’ = <number of grey levels (usually one byte = 8 bits i.e. 256 levels)

Image reconstruction parameters
'ZeroOffset’ = <distance in pixels from the fan origin to the first element of the vector
'Angle’ = < the angle of separation between each pixel>
'Kind” = < echoB or Ultrasonix>
'PixelsPerMm’ = < scale used to allow real world measurements>

'FramesPerSec’ = < frame rate>
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'TimelnSecsOfFirstFrame’ = < time of first image relative to start of audio>

Appendix D

Ultrasound tongue SHAPE measures

Dorsum excursion index (DEI) (Zharkova,2013)

cD
AB C B

A

Defined as - length(CD)/length(AB) where A is the posterior of the tongue and B is the
anterior. D is the midpoint. C is the crossing point of the tongue spline with a line arising
from D and perpendicular to line AB.

Typical value range — positive values usually less than 1
Purpose — intended to differentiate /k/ from other articulations particularly /t/

Weaknesses - requires establishing the length of the line between two curve ends. The
length of this line is dependent on assessing the location of the ends of the tongue curve.

Reference - Zharkova, N. (2013). Using ultrasound to quantify tongue shape and movement
characteristics. The Cleft Palate-Craniofacial Journal, 50, 76—-81.

Tongue Constraint Position Index (TCPI) (Zharkova,2013)
CB| Zharkova 2013

A B=midpoint AD
Defined as — (C-B)/(B-A) where A is posterior tongue and D is anterior. B is the midpoint of

line AB. Cis the crossing point on line AD corresponding to a perpendicular with maximum
distance between line AB and the tongue spline

Typical value range - -1 to +1 ( This assumes that C is within the range of A to B which is
not guaranteed). A positive value indicate anterior constriction and a negative value
indicates posterior constriction.

Purpose — Intended to detect if a tongue dorsum is responsible for the primary vocal tract
constriction

Weaknesses - requires establishing the length of the line between two curve ends. The
length of this line is dependent on assessing the location of the ends of the tongue curve.

Reference - Zharkova, N. (2013). Using ultrasound to quantify tongue shape and movement
characteristics. The Cleft Palate-Craniofacial Journal, 50, 76—-81.
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Location of constriction (LOCa-i) (Zharkova, 2015)

5 a LOC,;
D Y
C - )
B /sl: LOC,, = 1.00
X D /§1: LOC,,; =1.75

Defined as — length (AB)/length(CD) Where point D and B are the 1/3 and 2/3™ the
distance from posterior tongue point X to anterior tongue point Y. Point A is where a
perpendicular to line XY from point B (anterior 3™) intersects with the tongue curve and
point C is where a perpendicular to line XY from point D (posterior 3™) intersects with the
tongue curve.

Typical value range — 0 to infinity where values > 1 indicate anterior constriction (more
like /i/) and fractional values indicate posterior constriction (more like /a/)

Purpose — To quantify coarticulatory difference between consonant tongue curves across
two different vowel contexts, /a/ and /i/

Weaknesses — Despite the authors claiming it does not “directly” depend on the assessing
the ends of the tongue curve, Points D and B are still derived from their estimated position.
The values are not linear and are better represented on a log scale.

Reference - Zharkova, N., Gibbon, F. E., & Hardcastle, W. J. (2015). Quantifying lingual
coarticulation using ultrasound imaging data collected with and without head
stabilisation. Clinical linguistics & phonetics, 29(4), 249-265.

Curve degree (Aubin & Menard,2006)

[) <
AB B

A

Defined as — length(CD)/length(AB). Where A is the posterior tongue and B is the anterior.
Cis the point of maximum distance from line AB measured perpendicularly.

Typical value range—0to 1
Purpose — unspecified tongue curvature metric

Weaknesses - requires establishing the length of the line between two curve ends. The
length of this line is dependent on assessing the location of the ends of the tongue curve.

Reference - Aubin, J., & Ménard, L. (2006). Compensation for a labial perturbation: An
acoustic and articulatory study of child and adult French speakers. In 7th International
Seminar on Speech Production (pp. 209-216).
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Curve position (Aubin & Menard,2006)

AD (¢
DB B

A
Defined as - length(AD)/length(DB). Where A is the posterior tongue and B is the anterior.

Typical value range — 0 to infinity. Note that point D can be outside the range AB but will
give values tat reflect a position within the range AB.

Purpose — To determine if the point of curvature is more anterior or posterior

Weaknesses - requires establishing the length of the line between two curve ends. The
length of this line is dependent on assessing the location of the ends of the tongue curve.
The values are not linear and are better represented on a log scale. Midpoint has value 1,
more posterior positions are fractions between 0 and 1; more anterior positions have
values 1 to infinity

Number of Inflections (NINFL) (Preston et al, 2019)

e

Definedas-  k = — VX"

(x'2 +y'2)3/2
where primes denote derivatives with respect to offset along the curve, with any curl-over
points (non-monotonic values of x with associated higher y values) deleted. The Number of
INFLections (NINFL) is the count of nonzero sign changes in trimmed curvature (values
whose associated radius is < thresh times the distance along the curve from the first to the
last point, where thresh was a heuristically determined value of 0.3). NINFL values greater
than 5 may be removed from the analysis (n=4 instances). Matlab code for the procedure is
freely available at https://osf.io/xzdb7/

Typical value range — positive integer values. If the tongue curve is smooth then values
should be in the range 0 to 5.

Purpose — To determine if the tongue shape is simple (low value) or complex (high value)

Weaknesses — If the tongue contour is not smooth then NINFL values will be higher. Tends
to work OK for DLC_Tongue splines (based on 11 control points) but values are higher for
fan-based tongue splines (based on 42 control points).

Note: NINFL is related to a similar reference-free metric, the Modified Curvature Index
(MCI) described in Dawson, Tiede and Whalen (2016), which computes the integral of

Copyright ¥ 2003-2024 Articulate Instruments Ltd 180

CHECK www.articulateinstruments.com FOR THE LATEST MANUAL AND SOFTWARE REVISION.



User guide for AAA ultrasound module software. ~ Document No. AAA_221_12

unsigned filtered curvature, but Preston et al found that the NINFL metric outperformed
MCl in distinguishing between targeted groups.

Reference - Preston, J. L., McCabe, P., Tiede, M., & Whalen, D. H. (2019). Tongue shapes for
rhotics in school-age children with and without residual speech errors. Clinical Linguistics &

Phonetics, 33(4), 334-348.

The Menger curvature of a triple of points along a curve is the reciprocal of the radius of
the circle that passes through the three points. It is named after the Austrian-American
mathematician Karl Menger.

Menger number

Defined as — Menger curvature(A, B,C)
=4*triangleArea/(length(AB)*length(BC)*length(CA))
for points A, B and C on the curve

The tongue curve is represented by a series of xy points i= 1 to 100. A Menger
curvature value is calculated for each point as

fori=11 to 90 Menger curvature(Pointi.i , Pointi, Pointi.io)
for i=2 to 10 Menger curvature(Point; , Point;, Pointi.y)
for i=91 to 99 Menger curvature(Pointi.1o, Pointi, Pointig)

The array of Menger values is smoothed then all the inflection points (where the
sign of the Menger value changes) are found.

Finally the peak Menger values between each inflection point are counted if the
value is grater than a threshold (0.05).

The results are very similar to the NINFL value

Typical value range — positive integer values. If the tongue curve is smooth then values
should be in the range 0 to 5.

Weaknesses — Similar weakness to NINFL as it depends on threshold values to determine if
an inflection should be counted or not.

Reference — Although the Menger curvature calculation is widely reported, the above
algorithm for counting the number of inflections is not reported anywhere else. It is offered
here as a option but provides no great advantage over NINFL.
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Tongue Front Index (TF 1, TF 2, TF 3) (Zharkova,2020)

B |
/ ] T;'\ T;'_\
0 ' /sl TF1 = 0.28 Isl: TF2=0.25
T ' I§1: TF1=0.65 /§:TF2=0.71 |

| TF3

Isl:TF3=0.28
/§1: TF3=10.70

Defined as — 10/(radius of circle whose circumference passes through ABC)

TF1 points as % distance along the curve from posterior A=50% B=72.5% C=95%

TF2 points as % distance along the curve from posterior A=50% B=66.6% C=83.4%

TF3 points as % distance along the curve from posterior A=43.2% B=66.6% C=90%

Typical value range — 0 to 100 Higher values indicate tighter curvature.

Weaknesses — Dependent on end points of curve and not generalisable.

Reference - Zharkova, N. (2021). Development of the voiceless sibilant fricative contrast in
three-year-olds: an ultrasound and acoustic study. Journal of Child Language, 48(6), 1126-

1149.
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Video chart window 22
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