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1 Downloading GVPT

You can download and use GVPT in two ways:

+ Download the compressed Windows executable files (.exe), which do
not require installation.

+ Download the C# codebase and run it through Visual Studio. Note:
Visual Studio Code is a different IDE.

The download links can be found here on our GVPT webpage.

We welcome inquiries about GVPT, but we are unlikely to answer questions
related to C# programming, Windows Presentation Foundation, or how to use
Visual Studio.


https://dupont.cs.uiowa.edu/software/brain/gvpt/gvpt.html

1.1 Executable (.exe) File
1.1.1 Download

You can find the download link to the executable files on our webpage.

GVPT - Guided for Voice Pitch Tracking

The Guided Visual Pitch Tracking (GVPT) is a Windows Presentation Foundation (WPF) application Download
developed in C# to support voice task experiments in behavioral science, with a focus on precise real-
time pitch detection and tracking. The software offers five distinct voice pitch tasks, each designed to

evaluate different aspects of pitch control, including pitch sustainability, elevation, lowering, and
continuous modulation. These tasks can be delivered through three guidance methods: no guidance,
guidance at every pitch point, or guidance at key pitch-changing points, providing researchers with
flexible options to tailor the experiment. Additionally, GVPT facilitates the recording of voice data at
customizable sampling rates (44,100 Hz, 48,000 Hz, 88,200 Hz, and 96,000 Hz), producing datasets for

« Technical User Guidebook

thorough post-experiment analysis.

Below is the video introduction of GVPT:

GVPT
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https://dupont.cs.uiowa.edu/software/brain/gvpt/gvpt.html

1.1.2 Extract

Right-click the downloaded zip file and choose "Extract All" (or use any com-
pression software to decompress the files).

- o x
4 Downloads x [
e ~ o > Downloads > Search Downloads a
@ New % O @B B W L Sort = 5 Extractall (D Details
1, Brepieets Name Date modified Type Size
= Documents
1 Pictures | [&- Relesseaip 10/18/2024 1033 A Compressed (zipp.. 3,495 KB|
ows Course Material
Earlier this year

lowaCourseWork

| iCloud Drive

#| iCloud Photos
~ [l ThisPC

> [l AppleiPhone
> %= Local Disk (C3)
> = WD (D)

> e Crucial (E)

> o= M22()

> 3 Network

items  1item selected 341 ME

Along time ago




1.1.3 Run UlowaVoicePitchTrackingV2.exe

Double-click the UlowaVoicePitchTrackingV2.exe file, and the application will

launch.

Release X
< ~ ¢ 0
@ New

% Home

A Gallery

@ Jin - University of lowa

@ Deskiop »
b Downloads »
= Documents »
1 Pictures »
lowa Course Material *
lowaCourseWork #

| iCloud Drive

% iCloud Photos

<

[ This PC

> [ AppleiPhone
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1.2 C# Codebase on Visual Studio

1.2.1 Install Visual Studio

Download and install Visual Studio from the official Microsoft website. The
Community version is free. (Compatible with Visual Studio 2022, 2019, or

2017.)

Your Al coding partner for faster and smarter development

Elevate your efficency. Let Copilot and Visual St 2022 help you gensrats and refactor code,

resolutions,

your coding workllow.

v

Visual Studio | =

Start Copllot fee trial

Team more about GIAWD Copiot n Visual Studio >

Meet the Visual Studio family

il

Visual Studio Code | = ¢ &

NETand G Fuly

“tageofsotware development.

Learn more >

Download Visual Studio v

ov Professional 2022

Enterprise 2027

Community 2022

justabot any programming anguage

Learn more >

opving i

We can help.

Visual Studio 2022

Download Visual Studio Code

During installation, select the ".NET desktop development" workload to ensure
you can run GVPT from the C# codebase.

Madifying — Visual Studio Community 2022 — 17.0.6
Workloads  Individual components  Language packs
ASENE | ana web development

Build web applications using ASP.NET Core, ASP.NET,
HTML/lavaScript, and Containers incluing Docker supp.

P Python development
Editing, debugging, interactive development and source
control for Pythan.

Desktop & Mobile (5)

Installation locations
Azure development
Azure SDKs, toals, and projects for developing cloud apps
and creating resources using NET and NET Framework...

Nodejs development
Build scalable network applications using Nodej, an
asynchronous event-driven JavaScript runtime,

== NET Multi-platform App Ul development
Build Android, iOS, Windows, and Mac apps from a single
codebase using C# with NET MAUL

MNET desktop development
Build WPF, Windows Forms, and console applications
using C#, Visual Basic, and F# with .NET and NET Frame.

Desktop development with C+
Build modern C++ apps for Windows using tools of your
choice, including MSVC, Clang, CMake, or MSBuild

Location
CAProgram Files\Microsoft Visual Studio\2022\Community.

Universal Windows Platform development
Create applications for the Universal Windows Platform
with C#, VB, or optionally C++

By continuing, you agree to the license for the Visual Studio edition you selected. We also offer the ability to download other software with Visual
Studio. This software is licensed separately, as set out in the 3rd Party Notices or in its accompanying license. By continuing, you also agree to thase

licenses.

Installation details

Visual Studio core editor

Python development

_NET Multi-platform App Ul develop...
NET desktop development

Desktop development with C++
Individual components

Extensions

MLNET Model Builder 2022

XAML Styler for Visual Studio 2022
Single-project MSIX Packaging Tools for VS 2...
.NET Upgrade Assistant

Remove out-of-support components

Totel space required 0B

Install while downloading =~ Close


https://visualstudio.microsoft.com/

1.2.2 Download and Run Visual Studio Solution (.slIn) File

You can download the C# codebase from our GVPT webpage.

The Guided Visual Pitch Tracking (GVPT) is a Windows Presentation Foundation (WPF) application

Download

developed in C# to support voice task experiments in behavioral science, with a focus on precise real-
time pitch detection and tracking. The software offers five distinct voice pitch tasks, each designed to
evaluate different aspects of pitch control, including pitch sustainability, elevation, lowering, and
continuous modulation. These tasks can be delivered through three guidance methods: no guidance,
guidance at every pitch point, or guidance at key pitch-changing points, providing researchers with
flexible options to tailor the experiment. Additionally, GVPT facilitates the recording of voice data at
customizable sampling rates (44,100 Hz, 48,000 Hz, 88,200 Hz, and 96,000 Hz), producing datasets for
thorough post-experiment analysis.

Below is the video introduction of GVPT:

> 0:00/0:01

After extracting the zip file, locate UlowaVoicePitchTrackingV2.sIn. Double-

click the solution file to open it in Visual Studio.

- o X
UlowaVoicePitchTrackingV2 X +

|
<« G ) > Desktop > UlowaPitchTracking > UlowaVoicePitchTrackingV2 > Q
® New 1L Sort View (B Details
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1 Pictures |
PatientVienModule File folder
fows Course Materia ProctorViewModule File folder
| lowaCourseWerk RecordingService File folder
TTLService File folder
o iCloud Drive UlowaVoicePitchTrackingV2 File folder
@) iCloud Phatos VinPitchDetectionService File folder
I 8 UlowaVoiceRitchTrackingVz.sin isual Studio Solu
~ [l ThisPC

i Apple iPhane
= Local Disk (C)
- WD (D)

= Crucial (E)

—-M22(5)

M Network

11 items ) El=!


https://dupont.cs.uiowa.edu/software/brain/gvpt/gvpt.html

1.2.3 Setup Build Configuration

Once Visual Studio is open, change the build configuration to x64.

1.2.4 Run Through Visual Studio

To run the GVPT application, press F5 for debug mode or Ctrl + F5 for release
mode. You can also use the play buttons at the top of the window (hover over
them for descriptions of each button).




1.2.5 Distribute Modified Executable Files

To distribute a modified version of GVPT built in Visual Studio, navigate to the
Solution Directory (where UlowaVoicePitchTrackingV2.sln is located), then
go to:

(SolutionDirectory)/UlowaVoicePitchTrackingV2/bin/x64/(Debug or Release
folder - depending on your build settings)

64 X + - S &S

< EO R I | UlowaPitchTracking > UlowaVoicePitchTrackingV2 > UlowaVoicePitchTrackingV2 > bin >  x64 >| Search x64 a

View
Na Daie modified Lo

Debug o,

1:26 AM File fold
A Gallery ile folder

Release 7/28/2024 T02PM File folder

> @ Jin- University of lowa

1 Desktop

> ) iCloud Drive
> (%) iCloud Photos
~ [ ThisPC
>l AppleiPhone
> % Local Disk (C:)
> = WD (D)
> e Crucil (€)
> - M22(8)

> 4 Netwerk
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2 GVPT Software User Interface

GVPT launches with two windows: one for the proctor to set up the experiment
and another for interacting with the subject. In this section, we cover how
to work with each window and what files are generated for post-experiment
data processing.

2.1 Proctor Console

2.1.1 TTL Console

UIOWA VPT PROCTOR CONSOLE

I TASK 1

Task 1 Enabled

|

|

Task 2 Enabled

1

Sparse Arrows.

|

|

Task3 Enabled | Invert |

Task 4 Enabled I |

‘ Task 5 Enabled -‘ Invert == ‘

The TTL Console is used to establish a TTL connection with another system
(we use the NeuralLynx system to log our experiment as a backup). By using a
USB2TTL8 Adapter, you can send a byte (from 1to 255—0 is discarded by the
adapter) from GVPT to the NeuraLynx system, timestamping the recording
with a latency of under 1 millisecond.

The details about connecting the adapter are explained in the Peripherals
section.

Send 127 button is provided for connection check.

1

—_—


https://neuralynx.fh-co.com/
http://www.labhackers.com/usb2ttl8.html

2.1.2 Recording Control Panel

UIOWA VPT PROCTOR CONSO

RECORDING CONTROL PANEL

RECORDING PARAMETERES

= | Pitch Detection Rate (Hz) ‘ 40Hz (25 ms)

Prompt Style Dense Arows

Task Interval Randomization

EXPERIMENT PARAMETERS

' w

Plot Y Min

Count Down

Grading Threshold | ‘

‘ Task 5 Enabled -‘ Invert | | ‘ n‘

The Recording Panel contains the start and stop buttons for the experiment
recording.

-
N



2.1.3 Recording Parameters

UIOWA VPT PROCTOR CONSOLE

Toggle Playback

The Recording Parameters box includes controls for:
+ Audio Sampling Rate (44.2 kHz, 48 kHz, 88.4 kHz, 96 kHz)

+ Pitch Detection Rate (40Hz—once every 25ms, or 20Hz—once every
50ms)

+ Prompt Style—configures the level of "guidance arrows" to indicate pitch
deviation from the target. Refer to 2.2.3.

+ Task Interval Randomization—randomly delays tasks by an additional
4-9 seconds. If the Playback option is enabled, it also randomizes the
post-playback interval. Without randomization, tasks typically last 13-15
seconds, but with randomization, they can last around 30 seconds per
task. Referto 3.4

+ Visual Toggle—turns visual elements (target line, grading thresholds,
and detected pitch points) on or off. Countdown is still provided.

13



2.1.4 Experiment Parameters

UIOWA VPT PROCTOR CONSOLE

sk
) |
250

| Task 4 Enabled 0

Task 5 Enabled -‘ Invert | | ‘ 0 “

The Experiment Parameters box controls variables for the voice pitch tasks:

Subject Number—organizes the data into folders. Note: The subject
number cannot be 0.

Number of Trials—specifies how many times tasks will be repeated.

Cents—adjusts pitch changes by default to 400 cents (4 semitones),
which can be modified by 100-cent (1 semitone) increments using the
slider.

Plot Y Max—sets the maximum value on the Y-axis of the subject view.

Plot Y Min—sets the minimum value on the Y-axis of the subject view.
Changes to both sliders take effect only after the button below is
clicked.

Save Plot Changes—saves any adjustments to the Y-axis sliders.

Countdown—default countdown is 3 seconds, adjustable based on
prompt speed.

Grading Threshold—sets the acceptable deviation from the target pitch.

Playback—enables playback of the subject’s previous voice pitch task.
The proctor may choose to play the playback without the visuals or
display the pitch target and subject pitch contour.

14



2.1.5 Task Control

UIOWA VPT PROCTOR CONSOLE

I| Task 4 Enabled B | 0 |

= s
- = [ e [ || esksEnablea -‘ Invert -‘ o‘l

GVPT provides five pitch tasks:
« Task 1 (Flat Task)—the subject must maintain a steady base pitch.

+ Task 2 (Up Task)—the subject must raise the pitch by the specified
amount (set in the Experiment Parameters) within 1 second.

* Task 3 (Down-U Task)—the subject must raise and lower the pitch in a
"down-U" shape, with the peak matching the value set in the Experiment
Parameters, within 1 second up and 1 second down. The proctor has
the option to invert this task to an up U contour.

* Task 4 (Down Task)—the subject must lower the pitch by the specified
amount within 1 second.

+ Task 5 (Plateau Task)—the subject must raise the pitch within 1 second,
hold steady for 0.5 seconds, and then lower it back to the base pitch
within 1 second. The proctor has the option to invert this task to a
down-up contour.

Tasks can be added or dropped based on the subject’s performance by click-
ing the corresponding buttons. The bottom-right corner of the screen shows
how many times each task has been prompted during the current recording
session.

15



2.2 Subject Screen

2.2.1 Overview

The Subject’s screen is designed to have the minimum distraction to suit its
neuroscience research project origin and contains the only essential items
that need to be presented to the subject.

« The Y axis is the pitch frequency

« The X axis represents time from 0 to 5.5 second which is the duration
of the visual pitch tasks.

16



2.2.2 During Tasks

e~

During tasks, the subject screen displays 3 items:

Annotations

= \/oice Pitch Target

— Grading Boundary

B Detected Subject Pitch Points

The red line is the voice pitch target that the subjects’ should match, the
blue lines represents the decision boundary for detected pitch points and the
green squares represents the detected pitch of the subject.

17



2.2.3 Guidance Prompts - Dense Arrows

The 'Dense Arrow’ guidance prompt will draw a red arrow from the pitch
points that deviated from the grading boundary to the visual pitch target.

2.2.4 Guidance Prompts - Sparse Arrows

The 'Sparse Arrow’ guidance prompt only draws a red arrow if the subject
pitch point is when the target is moving.

18



3 Experiment Setup

3.1 The Simplest Setup

The simplest setup is to connect a headset with microphone to the experiment

Please make sure that the sound channels are properly selected and volume
adjusted in the Windows Settings.

& Settings - o X
System > Sound
Output
Find a setting 0
Choose where to play sound
2 a
» Apps might have their own settings Speakers v
| & system
p) 50 [ )
© Bluetooth & devices Volume »
¥  Network & internet
Mono audio off \.ﬁ

Combine left and right audio channels into one

/' Personalization
B Apps
Input
S A
& Accounts
. 0, Choose a device for speaking or recording o " i
9 Time & language Apps might have their own settings Internal Digital Microphone

#  Gaming

Volume 8 so °
K Accessibility
& Privacy & security
Advanced
@ Windows Update
Troubleshoot common sound problems Output devices  Input devices
All sound devices 5
2 Turn devices on/off, troubleshoot, other options
—o- Volume mixer >
~9 App volume mix, app input & output devices
More sound settings )]

Even with the simplest settings, you can conduct use cases: 3.2,3.3 and 3.4

19



3.2 The Simplest Use Case

=
[ S

[ e atcto

Start volcing

o
[.L
[h..
(

_[

%E

Target Is genmmd and
displayed based on the
subject's base pitch

L

Walt

[ Target displayed

Thumbs up.-'dnwnfmlddh

Software Subject

This figure represents the simplest use case of the GVPT, which prompts
voice pitch tasks in a loop.

J
J J
J )
J J
J J
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3.3 Playback

Countdown

Pltch detection

Target Is genamtod and
displayed based on the
subject's base pltch

Target displayed

J
)
J
J

)
)
1 second steady pitch }
)
)

L

Review the performance J
k

of previous volce pltch tas

Thumbs up/down/middle
[ feedback J [ Wait
reconstruction [

Playback w/ pltch mntuur}

Software Subject

You can add playback after each task trial for the subject to assess their
previous performance.

21



3.4 Randomizing Playback Delays

=l
(== | ==
o) | (e
[J )
..,
m&wm} ( i )
%m‘ﬁw] =2
Software Subject

You can randomize the delay time(in red arrow) of the playback to spread the
timing. This function is mostly used to offset each trials randomly to spread
frequencies for EEG and fMRI analysis.

22



3.5 Audio Interfaces

Audio-out
PC

USB-C

[Smrieﬂ:e Audio Interface]

You can add audio switches to further enhance the audio signals. Refer to
peripheral section at 5.2.

23



3.6 Real-time Playback

[ pC \I Audio-out

UsSB-C

Direct-out

[ Scarlette Audio Interface Ji
Auto/Manual
Audio Switch

Switch-out

You can add audio switches to offer real-time playback as the subject is
mid-trial.

You can also split the Mic-in directly to the audio switch by using an audio

splitter cable. This is where you can be very creative on how you setup the
project hardware.

Refer to peripheral section:
+ 5.3 Automatic Audio Switch
+ 5.4 Manual Audio Switch

24



4 Output Files

Upon conclusion of the experiment, the software generates 5 output files.
* 4.3 Audio file for the entire experiment (in .wav)
* 4.4 Event logs w/ timestamps (in .csv)
* 4.5 Detected pitch (in .csv)
* 4.6 Pitch target contour (in .csv)
» 4.7 Target pitch (in .csv)

You can consume the csv logs with your preferred method - Excel, Pandas,
Matlab, text editors, etc.

25



4.1 Output File Location

\
)

The output files will organize each subject ID into separate folders. You can
access these files based on how you are launching GVPT:

+ C# Codebase: (SolutionDirectory)/UlowaVoicePitchTrackingV2/
UlowaVoicePitchTrackingV2/bin/(Debug or Release - based on your
build configuration)/AudioFiles/(SubjectID)

+ Windows Executable(.exe): (ExecutableFileDirectory)/AudioFiles/(SubjectID)

26



4.2 Overview

999 - o
@ New - N sort = View
« EN > u bin > 364 > Rl AudioFiles > 999 v c 2
Name
> Quick access
S twav 2k8
> @ icloud Drive
T-events.csy K8
> @ iCloud Photos 1-pitch.esv ixe
> @ OneDrive 1-TargetContour.csv 7k
1-TargetPitch.csv K8
> W This PC
> WNetwork

[u}

The output files will have incremental file numbers starting at 1.

27



4.3 Audio file

999 - 0o X

® New - N Sort v = View -

> @ iCloud Photos 1-pitch.csv

1-TargetContour.csv

1-TargetPitch.csv 10/21/2024 258 PM Comma Separated V.

[}
[u}

The audio file output contains every sound that the microphone picked-up
during the experiment at proctor selected sampling rate.

28



4.4 Eventlogs

N sort ~

|inr |
[a}

The event logs are formatted with elapsed time(with respect to the time the
record button was pressed), and the following events:

« Task Started - when the ‘Go queue’ was displayed

+ Task X - when the base pitch was established and target pitch contour
was displayed

« 500ms timestamps - for every tasks, there are timestamps in every
500ms to assist alignment with other logs

« Task Finished - is when each task was terminated.

29



F10 Vit fiv
A 8

1 [EllpsedTime Events
2 Recording Started
3| 2944028 TaskStarted

4| 39447962 Task2-Up

5| 4459.0973 500ms timestamps
6

7

8

9

4959.4619 500ms timestamps
5460.2036 500ms timestamps

5945.6906 Task Finished

2l

11

500ms timestamps
500ms timestamps

36| 43995.6275 500ms timestamps
37| 44488.7255 Task Finished

38| 47488.6202 Playback Started
39| 57523.4708 TaskStarted

< > 2-events

30




4.5 Detected Pitch

999 - o0 x
@ New - N Sort v = View -
« BN > u > bin > x64 > Relesse > AudioFiles > 999 v G O searchowm

Name Date modified ype Size
> Quick access
© twayv

> @ iCloud Drive
T-events.csv

> 8 iloud Photos

1-TargetContour.csv

> @ OneDrive

1-TargetPitch.csv
> W This PC

> dlNetwork

i |
o

5 items

The detected pitch log contain every pitch detection and its timestamps.

+ Voice pitch detection is vulnerable to noise. -1is returned as a default if
pitch detection failed at that timestamp.

Al v i fx Ellpsed Time

A B G D E F G H I J K L M N (o] P Q
12179.64 129.9101
1222969 127.221
12280.22 125.3912
1232998 124.3109
12379.57 125.2043
249 12429.15 125.5153
250 12479.6 125.5364
251 12529.16 125.0017
252 12579.71 1221717
253 12630.43 124.3176
254 12679.53 124.3317
255 12729.61 124.2652
256 12780.24 123.2653
257 12830.11 124.8829
258 12879.67 125.5729
259 12929.75 125.6687
260 12980.27 126.0543
261 13029.23 126.1994
262 13080.31 125.9114
263 13128.91 126.5306
264 13180.17 126.9419
265 13230.14 124.0965
266 13279.52 125.3978
267 13330.19 126.6743
268| 13379.83 125.613
269| 13429.72 124.9197
270| 13479.47 125.6425
271| 13530.57 126.3751
27 13579.6 126.4828
273| 13629.02 126.8609
274| 13679.42 125.1166
275| 13729.49 124.8569
276| 13780.04 124.6921
277| 13830.09 126.6282
278| 13879.52 125.854
279] 13929.28 124.8725

2-pitch +

24
24!
24
24
24

SE&un&G R

SN EER

SBEIFEHEER

@A dHaEIR
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4.6 Pitch Target Contour

%

[T}
3]

The target contour log contain the pitch target contour that was displayed to
the user.

32



4.7 Target Pitch

%

[T}
3]

The target pitch log contains the base pitch of each task, and pitch moved up
& down as the proctor configured experiment setup from the base pitch.

032 vl I

A B c D E F G
1 [Ellpsed Time BasePitch PitchUp PitchDown
2 3944.7962 0 0 0
3 12958.2148 -1 -1.2599 -0.7937
4 219622027 1256687 158.3326 99.7433
5 | 324736027 122624 154.4966  97.3268
6 | 41487.7511  62.3538 785609  49.4903
7
8

2-TargetPitch 4

33
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5 Peripherals

5.1 USB2TTL module

The adapter typically occupies the COMS3 port, but if COM3 is unavailable, it
may occupy another port (such as COM4, COM7, or COMS8). If you cannot
connect via COMS3, check the Windows Device Manager under "Ports" to
identify which port the adapter is using.

5.2 Audio Pre-Amp

We currently use Scarlett Solo 3rd gen to connect all the devices together.

5.3 Automatic Audio Switch

If you want an automatic audio switch for real-time playback (during task).
We recommend using Bobwire’s RCAT.

This device will switch audio source automatically based on how you con-
figure its primary & secondary source and switching threshold. If you need
more information about the automatic switch, please contact Bob at
bobwireaudio@gmail.com

5.4 Manual Audio Switch

If you prefer to switch audio sources manually, we recommend using a stereo
audio switch. This is one model that we used for other projects - Amazon link,
but you may use any analog audio switch that fits your purpose and cabling
needs.

34


https://us.focusrite.com/products/scarlett-solo-3rd-gen
https://www.bobwireaudio.com/rca1
https://www.amazon.com/Audio-Switcher-Headphone-Selector-Splitter/dp/B0894N22CL?source=ps-sl-shoppingads-lpcontext&ref_=fplfs&psc=1&smid=A13F9CGC7DQLQY

6 Update History

Version 1.0.0 - Initial release
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