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1 INTRODUCTION

OT BioLab+ is an acquisition and processingtool developed by OT Bioelettronica. It is a freeware software

downloadable at _https://www.otbioelettronica.it/en/downloads in the Downloads section, and tutorials

are available in the Video A Tutorial section. OT BioLab+ allows to acquire, review and process

bioelectrical signals detected using the OT Bioelettronica devices listed below:

DUEPRO: is a wearable surface EMG device, records from 2 to 14 channels with 2 auxiliary signals (e.g.

force, angle).
EMG-USB: surface electromyographic amplifier, up to 128 channels.
EMG-SUB2: surface and intramuscular electromyographic amplifier, up to 256 channels.

EMG-USB2+: surface and intramuscular electromyographic amplifier, up to 256 channels. Each input

can acquire signals with a different acquisition mode.
FORZA: analog signals amplifier, 1 channel.
MEBA: surface and intramuscular electromyographic amplifier, up to 32 channels.

MUOVI : is a miniaturized wireless and modular HD-sEMG acquisition system directly interfacing with

laptops, smartphones and tablets, up to 128 monopolar channels (4 probes with 32 channels each).

MUOVI+: is a miniaturized wireless and modular HD-sEMG acquisition system directly interfacing with

laptops, smartphones and tablets, up to 128 monopolar channels (2 probes with 64 channels each).

SYNCSTATION: is a recharging and synchronization base that allows you to connect 4 Muovi probes, 2
Muovi+ probes or 2 sessantaquattro and up to 10 Due+ probes. It also allows the acquisition of 3 auxiliary

signals and a load cell

QUATTRO: is a portable device for surface EMG data logger that can record up to 37 hours continuously

the activity of four channels.

SESSANTAQUATTRO: surface and intramuscular electromyographic ad electroencephalographicamplifier

with Wi-Fi communication, up to 64 channels.
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QUATTROCENTO: surface and intramuscular electromyographic and electroencephalographicamplifier, up
to 400 channels.

Using OT BioLab+ it is also possible to review and process any kind of signals stored in txt format.
OT BioLabt has been designed for .Net Framework 4.0 and Windows 10 operating both with 32 and 64
bit.
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2 OT BIOLAB+

INSTALLATION

OT BioLab+ installation procedure requires few minutes and allows to install the software and preinstall

the drivers for EMGUSB,DUEPRO and QUATTRExtract and run the OT BioLab+ setup file. The start -

up window will appear (see Fig. 2.1), the this is the license agreement window, read carefully the license

condi

t

on

a ndcomtihue.c k fiNext o t o

Z% Setup - OT BioLab+ —

License Agreement

Please read the following important information before continuing.

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

END USER LICENSE AGREEMENT (EULA) P

Thiz message contains the terms and conditions ("Terms and Conditions™) for the
installation and use of OT BiolLab+ software by OT Bioelettronica srl., Torno (taly).
By instaling OT Biolab+, you agree to this agreement either for yoursef or on
behalf of your emplayer ar another entity and agree to be bound by its terms and
conditions. ¥ you are accepting on behalf of your employer or another entity, you
represert and warant that you have full legal authorty to bind your employer or
such entity to these terms and conditions. [ you dont have the legal authority to
hind, please do not continue with the installation of OT BiolLab+.

(®) I accept the agreement
()1 do nat accept the agreement

FIG. 2.1: OT BioLab+ license agreement window.

The next step requires to choose which drivers install (depending on which device you own) (see Fig.

2.2).

Again, click ANextodo to proceed.
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2 Setup - OT BioLab+ —

Select Components
Which components should be installed?

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

|FL.|II installation w
Program Files 400,4 MB
Drivers to install 8,4MB

i [/] DUEPRO 6,4 MB
EMG-LISE
L[] QUATTRO 2,0 MB

Current selection requires at least 409,5 MB of disk space.

< Back |I Mext = || Cancel

Fig. 2.2: OT BioLab+ Custom installation.

It is possible to create a desktop shortcut (see Fig. 2.3).

£ Setup - OT Biolab+ —

Select Additional Tasks
Which additional tasks should be performed?

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

Additional shortouts:
Create a desktop shortout

< Back || Mext = || Cancel

Fig. 2.3: Desktop Shortcut.

10
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Now the software is ready to be installed (see Fig.2.4). This window gives a installation summary of the

components and details.

Ready to Install
Setup is now ready to beqin installing OT BioLab+ on your computer,

2% Setup - OT Biolab+ —

change any settings.

Click Install to continue with the installation, or dick Back if you want to review or

Setup type:
Full installation

Selected components:
Program Files
Drivers to install

DUEPRO
EMG-USE
QUATTRO

Additional tasks:
Additional shortouts:
Create a desktop shortout

< Back || Install

Cancel

Fig. 2.4: OT BioLab+ installation window.

11
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3 DRIVERS INSTALLATION
Drivers installation depends on how many drivers you choose to install.
3.1 EMG-USB DRIVERS

The installation of EMG-USB drivers can be completed just clicking Next on Fig 3.1. After some seconds

drivers will be installed and you will reach Fig 3.2.

Device Driver Installation Wizard

Welcome to the Device Driver
Installation Wizard!

This wizard helps you install the software drivers that some
computers devices need in order to work.

To continue, click Mext.

[=.u]
G
(%]

Mext = Cancel

Fig. 3.1: EMGUSB drivers installation window.

12
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Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

The drivers were successfully installed an this computer.

You can now connect your device to this computer. I your device
came with instructions, please read them first.

Driver Mame Status

w OT Bioelettronica (WUD... Readyto use
»" 0T Bioelettronica (WUD... Readytouse

Fig. 3.2. EMGUSB drivers installed

3.2 DUEPRO DRIVERS

In order to use DuePro, some steps are required. These windows open automatically during installation.

1. Install FTDI CDM Drivers

@ FTDI CDM Drivers *

FTDI CDM Drivers

Click ‘Extract’ to unpadk version 2,12.04 of FTDI's Windows
driver package and launch the installer.

www ftdichip.com

Cancel

Fig. 3.3: FTDI CDM Driversinstaller.

13
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2. ClickiNe xt o

Device Driver Installation Wizard

Welcome to the Device Driver
Installation Wizard!

This wizard helps you install the software drivers that some
computers devices need in order to work,

To continue, click Next.

Cancel

3. Acceptagreement

Fig. 3.4: Driver installation window.

%

License Agreement

Device Driver Installation Wizard

To continue, accept the following license agreement. To read the entire
agreement, use the scroll bar or press the Page Down key.

IMPORTANT NOTICE: PLEASE READ CAREFULLY BEFORE ”
INSTALLING THE RELEVANT SOFTWARE:

This licence agreement (Licence) is a legal agreement between you
(Licensee or you) and Future Technology Devices Intemational Limited

of 2 Seaward Place, Centurion Business Par, Glasgow G41 THH,
Scotland (UK Compary Number SC136640) (Licensor or we) for use of
driver software provided by the Licensor{Software).

BY INSTALLING OR USING THIS SOFTWARE YOU AGREE TO THE w

Save Az Print

®iac ag

() 1 dont accept this agreement

< Back Next = Cancel

Fig. 3.5: Driver installer License Agreement.

14
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4. FTDI CDM Drivers installed

Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

The device driver installation wizard did not update any of your
software for your hardware devices because it was not better than
the software you currently have installed.

Driver Name Status

~ FTOI CDM Driver Packa... Readyto use
» FTOI COM Driver Packa... Readyto use

Finish Cancel

Fig. 3.6: Driver installation complete.

[==}
[57)
o

15
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5. Install Texas Instrument drivers. Click lNe x t ©

(37 TI_WDF_USBUART_SINGLE_DRIVER_V6.7.2.0_WHOL — b4

Welcome to the Wizard for
TI_WDF_USBUART_SINGLE_DRIV

The Wizard will allow to unpackage
TI_WDF_USBUART_SINGLE_DRIVER_V6.7.2.0_WHQL. To
continue, dick Next.

Fig. 3.7: Texas instrument Driver installation window.

6. Accept agreement

(&t TI_WDF_USBUART_SINGLE_DRIVER_VE.7.2.0_WHQL — x

License Agreement

Please read the following license agreement carefully.

Press Page Down to see the rest of the agreement.

TUSB3410 VCP Driver Software License Agreement ~
(Version 1 as of 27 March 2006)

Important - Please read the following license agreement carefully.
This is a legally binding agreement. After you read this license
agreement, you will be asked whether you accept and agree to the
terms of this license agreement. Do not click “l have read and .

If you accept the terms of the agreement, select the first option below. You must accept the
agreement to install TI_WDF_USBUART SINGLE_DRIVER_V6.7.2.0_WHGL. Click Next to
continue.

(@)1 accept the terms of the License Agreement:
(7)1 do not accept the terms of the License Agreement

Fig. 3.8: License Agreement window.

16
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7. Il nstall, select the folder and click Al nstall o
{7 TI_WDF_USBUART_SINGLE_DRIVER_V6.7.2.0_WHOL — ®
Destination folder

Please select the folder to unpackage the
TI_WDF_USBUART SINGLE_DRIVER_V&.7.2.0_WHGL.

Please select unpackage directory:

Destination Folder

Browse...

Space required: 4, 2MB
Space available: 232.4GB

< Back Install Cancel

Fig. 3.9: Choose Driverdestination folder.

8. Open installation folder

(37 TIWDF_USBUART_SINGLE_DRIVER_V6.7.2.0_WHOL —

Wizard Completed

The wizard has successfully unpackage
TI_WDF_USBUART_SINGLE_DRIVER_V6.7.2.0_WHQL. Click
Finish to exit the wizard.

[i0pen installation folder upon exit.!

< Back Cancel

Fig. 3.10: Driver installation complete.

17
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= 2 wi Al 7.2, -
7 TI_WDF_USBUART_SINGLE_DRIVER_V6.7.2.0_WHQL (] X
Home Share Vi
5 %
(= v 4 <« Texa.. » TI_WDF_USBUART_SINGLE_DRIVER V6.7.2.0_... > v O Search TI_WDF_USB... @
7 Name - Date modified Type Size
*
5 32-bit 2017 10:03 File folder
64-bit File folder
{ | LICENSE.rtf Rich Text Format 57KB
< 37 Setup.exe Application 156 KB
[ €& uninstall.exe Application 80 KB
.
v
5items =

Fig. 3.11: Driver folder.

9. Run Setup.exe and click fANexto

(57 TUSB3410 Driver Installer 6.7.2.0 Setup — Y

Welcome to the TUSB3410 Driver
Installer Setup Wizard

This wizard wil guide you through the installation of
TUSB3410 Driver Installer.

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 Mext to continue.

Fig. 3.12: Driver installation.

10. Accept agreement

18
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11. Install

License Agreement
Please review the license terms before installing TUSB3410 Driver
Installer.

Press Page Down to see the rest of the agreement.,

TUSB3410 VCP Driver Software License Agreement A
(Version 1 as of 27 March 2006)

Important - Please read the following license agreement carefully.
This is a legally binding agreement. After you read this license
agreement, you will be asked whether you accept and agree to the
terms of this license agreement. Do not click “l have read and .,

If you accept the terms of the agreement, select the first option below. You must accept the
agreement to install TUSE3410 Driver Installer. Click Mext to continue.

(@)1 accept the terms of the License Agreement
()1 do not accept the terms of the License Agreement

i?} TUSB3410 Driver Installer 6.7.2.0 Setup — W

Texas Instruments Inc

Fig. 3.13: License Agreement.

i?} TUSE3410 Driver Installer 6.7.2.0 Setup —

Choose Install Location
Choose the folder in which to install TUSB3410 Driver Installer.

Please select your installation directory:

Destination Folder

Browse...

C: Windows\i

Space required: 0.0KB
Space available: 232.4GE

Texas Instruments Inc

< Back Install Cancel

Fig. 3.14: Choose Driver location folder.

12. Texas instrument drivers installed

19
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E:j TUSB3410 Driver Installer £.7.2.0 Setup —

Completing the TUSB3410 Driver
Setup Wizard

TUSE3410 Driver has been installed on your computer,
Click finish to dose this wizard

Fig. 3.15: Texas instrument drivers installed.

13. Install Virtual COM port drivers

ﬂ Virtual Com port driver V1.4.0 - InstallShield Wizard X

Welcome to the InstallShield Wizard for
Virtual Com port driver V1.4.0

The InstaliShield(R) Wizard will allow you to modify, repair, or
remove Virtual Com port driver V1.4.0. To continue, click Next.

e[ e

Fig. 3.16: Virtual COM port installation window.

20
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14. Install

ﬁ Virtual Com port driver W1.4.0 - InstallShield Wizard x

Ready to Repair the Program
The wizard is ready to begin installation.

If you want to review or change any of your installation settings, dick Badk. Click Cancel to
exit the wizard.

Current Settings:

Setup Type:
Typical
Destination Folder:

C:'Program Files (x88)\STMicroelectronics\Software),

User Information:
Mame: Windows User

Company:

Installshield

| < Back |[ Install 1§ | Cancel

Fig. 3.17: Virtual COM port driver settings.

15. Open the folder C:\Program Files(x86)

16. Go to C:\Program Files (x86)\STMicroelectronicd Software\Virtual comport driver

| = | Virtual comport driver - u] X
Home Share View ~ @
<« © 4 | | « STMicroelectronics » Software > Virtual comport driver > v @ | SearchVirtual com.. 0
A Neme Date medified Type Size
Win7 09/01/20171226  Filefolder
Wing 09/01/2017 1226 Filefolder
[ version.ot 19/10/20141313  TXTFile 3KB
g
&
-
=
L}
4
«
&
3,
3items 1 item selected [E=H=

Fig. 3.18: Virtual COM port drivers location folder.

17. Choose the right folder. If you have Windows 10, then choose Win8 folder.

18. Choose the file depending on your operative system. If your operative system is 64 bits, choose

dpinst_amd64.exe, otherwise choose dpinst_x86.exe

21
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I )= wing - o X
Home Share View (7]
« v <« STMicroelectronics > Software > Virtual comport driver » Wing v O Search Win8 L
A Name Date modified Type Size
& dpinst_amd6d.exe 010 22:28 Application 1,026 KB
§ dpinst_x86.exe - 901 KB
24 stmedc.cat SKB
{3] stmedc.inf Setup Information 2KE
Py
&
a
=
L}
{
.
H
[
i,
4 items =

Fig. 3.19: Choose the right file depending on your system.

19. Runit

Device Driver Installation Wizard

Welcome to the Device Driver
Installation Wizard!

This wizard helps you install the software drivers that some
computers devices need in order to waorl,

To continue, click Next.

Fig. 3.20: Virtual COM port drivers installation window.

22
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20. Driver installed

Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

The drivers were successfully installed on this computer.

You can now connect your device to this computer. i your device
came with instructions, please read them first.

Driver Name Status
~* STMicroglectronics usb... Readyto use

Back Cancel

Fig. 3.21: Virtual COM port drivers installation complete.

23



% B I @ OTBioLab+ user manual v1.5

glettronica

4 MAIN INTERFACE

Running OT BioLab+ you will meet the main interface, shown in Figure 4. 1.

File Subjects Toed  View  Actquistion Help  Edra
= ¥ . o o
iBR 2 2@ B &

Fig. 4.1: OT BioLab+ interface.

The drop-down list of the file toolbar allows you to open, import, save files or close the project.

OTBioLab+ : Version 1.2.0
Subjects  Tool View Acquisition Help Extra
Open CTRL+O
Open recent 3
Open from folder

M Save

M SaveAs
Close Project

% Import

) Quit

Fig. 4.2: OT BioLab+ File toolbar details.

Subjectdrop-down list lets you manage subject database, adding new subjects or editing them.

OTBiolLab+ : Version 1.2.0
File Tool View  Acquisition Help Extra

2 Add new subject
52 Find/Edit subject

(] -t
& o

o -~

Manage Database

Fig. 4.3: Subject list.

24
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Tool let you edit settings, language and theme of the interface.

OTBioLab+ : Version 1.2.0
File  Subjects View  Acquisition Help Extra
Settings

H ) -
{v c-° ﬁ* :

Fig. 4.4: Tool list components.

View let you change positioning of toolbar or see the abstract of the opened file.

OTBiolLab+ : Version 1.2.0
File  Subjects Tool Acquisition  Help  Extra
Hide/Show Toolbar F11
Top/Left Toclbar
Show Usage  CTRL+ALT+U

Abstract

Fig. 4.5: View options.

Acquisition let you to control the acquisition process.

QOTBioLab+ : Version 1.2.0
File  Subjects Tool View Extra
Setup F2

Start Visualization F3
Stop Visualization F6

Start Recording F9

S cording  F10

Fig. 4.6: Acquisition menu, signals acquisition options.

Help gives information on how/here to find information (tutorial, short cut from keyboard) and send a

message to the manufacturer.

OTBicLab+ : Version 1.2.0
File Subjects Tool View Acquisition | Help | Extra
Send Logger To OT Bioelettronica

H [
¥ E B C Tutorials On line ﬁ # .

Open Keyboard Shortcut table

Fig. 4.7: Help list, where find information about software.
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1 Send Logger To OT Bioelettronica opens a preset email to send a message to OT Bioelettronica

support.

OT Biolab Real Time Logger - Messaggio (Testo normale)

Formato testo Revisione  Guida  Cosa vuoi fare?

G C S £- A=~ =

File  Messaggio  Inserisci  Opzieni

B B2|0-=>-K || L M| 8- .

A software@otbioelettronica.t: |

Oggetto OTBiglak Real Time Logasr

logger2101210746100g Y settingsxml o
\J 9KE 34 KB

Requested assistance

Fig. 4.8: Send email to Ot Bioelettronica support.

1 Tutorials Online: refers to the tutorials page of the OT Bioelettronica.it website.

9 Open Keyboard Shortcut table: opens the pdf file relative to the available shortcuts, shown in table
9.1.

Extra provides additional data viewing and export options.

% OTBioLab~ : Version 1.2.0
File Subjects Tool View Acquisition Help

. ; - About
5 = i L) Conversion Factor Calculator ﬁ * s

Impedance Contreller

Find Processing CTRL+Q
Open User Manusal
Open Matlab Code Folder

Program Due Probe

Fig. 4.9: Extra options, additional tools.

1 About: provides information about the software .

About OT BioLab+

OT BioLab+
1540
Copyright © 2017

wwww otbioelettronica it

Copyright

Fig. 4. 10: Informations about OT BioLab+.

Conversion FactorCalculator. calculates the conversion factor from Volt to the unit of
measurement entered, the user must enter in the listed below fields the values shown on the

device (see figure 4.11).
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Conversion Factor = 0 [nones V]

a5 Conversion Factor Calculator — O >
Uit of Measurement: ||'ID|'IE e
Load Cell Supphy 1.000 =
Full scale p.000 =
Sensitivity [mV/WV] 0.000 =
Amplifier Gain (set 1if the signal is not amplified) 0.000 =

Fig. 4.1 1: Conversion factor calculator.

1 Impedance Controller: when OT BioLab+ is used with the Sessantaquattro devicethe impedance

controller it allows to start the impedance test described in section 12.

1 Find Processing typing part of the processing name allows you to search for available

processing andtells you where to find them .

! Find Processing

Looking for a Processing? Type it and find the path to use it

canw

Convalution

Corfirm

Fig. 4.12: Find processing and its path.

1 Open User Manual opens the user manual of the installed software version.

1 Open Matlab Code Folder opens the folder where the sample Matlab files are saved.
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5 SETTINGS & PRIVACY

Settings form let you control some accessories parameters, like default saving folder, Setup style, Font,
Privacy, Device Settings or Performance and, also, you can set the automatic software update selecting
the beta tester checkbox (see Fig. 5.1).

Privacy let you choose which info you want to share with OT Bioelettronica ( Fig. 5.2). Info requested
are only for statistical reason, to improve OT BioLab+ performance. No acquired data will ever be shared
with OT Bioelettronica.

Device Settings allows you to select the desired inputs for each device (Fig. 5.3).

Performance allows you to disable the track resizing and the tooltip on track ( Fig. 5.4).

File  Subjects Tool View Acquisition Help Extra

iBm 2 20 B < :

Settings

Setlings Privacy settings Device Settings

Default Saving Folder: |C'\Users\PC Lenovo'\Desktop Browse

Feedback
Default beep frequency for feedback [Hz]

Waming
Screen Scale Control

[] Betatester

Cancel

Fig. 5.1: Setting window.

File Subjects Tool View Acquisition Help Exra

iBR 220 B o :

Settings
Settings Privacy settings Device Setfings
Choose here which info you want to share with OT Bioelettronica for statistical reason in order to

help us to improve OT Biolab performance. Only the authorized info about OT Biolab usage will be
shared. No data will be shared.

Operative System, Processor and RAM Enable all

= User ]
User name User Disable all

Latest device used

Cancel

Fig. 5.2: Privacy Settings window.
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File Subjects Tool View Acquisition

Help  Exra
imm 2 2@

B o

Settings

Privacy seffings

Device Settings Performance

Cancel

Fig. 5.3: Device Settings window.

File Subjects Tool

View Acquisiton Help  Exra

iEBh,no

- o

B %

Settings

Settings ||__Privacy setiings | Device Seftings Performance

[] Disable track draw whie resizing

[] Disable tockip on track

Fig. 5.4: Performance Settings window
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6 ACQUISITION SETUP

You can access the device settings window using the appropriate icon, through Acquisition A Setup button
or with the keyboard shortcut "F1".

To setup your acquisition, choose your device and sampling frequency. Then the setup window is splitted

in three parts:
- Channels: contains the list of selectable channels.

- Configuration of: keeps track of the configuration assigned to each channel, if already configured,
if the channel has not yet been assigned it is empty . The push button ACopy i
Conf i guallews yoa toopy that configuration in the section alongside and assign it to

another channel.

- New Channel Configuration: you must select the Adapters, Sensor (electrodes), Parameters
(muscle, side, acquisition mode and filters) and, if you want, the EMG signals Saturation Threshold
value for your acquisition. To insert the same configuration to multiple channels of the same type,
enter the number in the "Duplicate n°" box and finally click on "Set configuration as current
settings". Finally, there are two buttons to delete the configuration from the selected channel or
from the whole list of channels "Delete sensor at selected point" and "Clear sensor grid",

respectively.

- Markers: in the bottom part of the window the user can insert the description of the 5 available
markers. Each marker is associated to the relative button and can be inserted during the recording
of a signal acquisition. Accessible buttons are F1, F2, F3, F4 and F5 During a recording, if one of
those buttons is clicked a marker is set to that specific time. A marker is therefore composed by
a time instant and a comment. Once the signals has been saved marker are shown on all track

with a vertical line. Colorsof these lines can be specified under Tool>Settings

When you finish the setup, c | i cHig. 6olnin figBeebi lusmhowrotmep | et e O
SyncStation setup page in which you can select the type of connected devices (Muovi, Muovi+,
Sessantaquattro and Due+), see the individual user manual for more details, and also the latency (as

number of packets) that the SyncStation must wait in case one or more connected devices is lagging

behind the others. In figure 6.2 is shown the Sessantaquattro setup page in which it is possible to select,

according to the sensor used in the acquisition, the sampling frequency between EMG (2000Hz) and EEG

(500Hz) and also the mode between monopolar and differential. In addition, a threshold value can also

be selected as Saturation Threshold, we can set the value without measurementunit, because itbés r
to the data converted by the software and depend on the device connected, so if data are in mV this value

is compared in mV. It is available for EMGUSB, EMGUSB2, EMGUSB2+, quattrocento and

sessantaquattro devices.
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ol Settings — O s
Device Sampling Frequency ‘ Save Setp ‘
SYNCSTATION - [2000 - ‘ Lond Setup ‘
Channels Configuration of MUOVIT New Channel Configuration
- MUOVI1 - Connected
Muovi2 C Device Connectable Device
- MUOVI3 |Mucui ‘ T . 32 channels device
:33::4 ESSANTAQUATTROS - C = S
y iy -
MUOVIﬂ'ngS T TR OMNEC! | [;ENG - 32 Adhesive Aray 10mmicd.-HD1OMMOE0: | SEMG - 32 Adhesive Array 10 mmi.e.d. - HD1OMMOZ04 -
- DUE+7 Muscle Muscle
. DUE+8 [Not defined ] Not defined -
DUE+9 Side Side
- DUE+10 [Not Defined ] Not Defined -
DUE=11
- DUE+12 Latency in* packets) Modalta
DUE~13 [100 EE -
- DUE+14
DUE+15 32 Adhesive Aray 10 mmi sd
- DUE+16
AUX 1
- AUX 2
AUX 3
- AUX 4
[ Remove average
Copy in "New Channel Settings™ ‘ Set configuration as curent settings
Duplicate n* 1 2] Times
‘ Delete sensor at selected paint |
I Clean sensor gid |
< >
F1 Marker Description: F2 Marker Description: F3 Marker Description F4 Marker Description: F5 Marker Description:
F1 IE9 N F F3 = | WG [cana righigh F5 Setup complste
Fig. 6.1. OT BioLab+ Acquisition Setup window with SyncStation device.
95 Settings - O x
Device Sampling Frequency ‘ Save Setup ‘
SESSANTAQUATTRO - | 2000 - ‘ Lod Setmp ‘
Channels Configuration of IN 1 New Channel Configuration
IN 1: 64 ch. Is adap! lar acqy
LSt Adapter Adapter 16 channels adapler differential
ALLcs [64 channels adapter monopolar acquistion - AD 1x645E | 16 channels adapter differential acquisition - AD1x16SE - acquistion
Sensor Sensor
[SEMG - 64 Adhesive Aray 10 mmi e.d. - GR10MMO808 | SEMG - 16 Adhesive Array 10 mmi e.d. - ELSCHD16 -
Muscle Muscle
Mot defined | Net defined <
Side Side D_ — - I
Mot Defined | Not Defined - 1 -
O EEG (500 Hz) (%) Dfferential
16 Adhesive Aray 10mmied.
) EMG (2000 Hz) 3 Monopolar
Saturgtion Threshold: ||
Copyin "New Channel Setings” ‘ Set configuration as curent seftings
Duplicate n* 1 Eﬂ Times
I Delete sensor at selected point |
‘ Clean sensor grid |
< >
F1 Marker Description: F2 Marker Desciption: F3 Marker Description F4 Marker Description: F5 Marker Description:
F1 25 | BN [carale tigger | BUEEM [fsecback I F4 F5 Setup complete

Fig. 6.1. OT BioLab+ Acquisition Setup window with Sessantaquattro device.
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If you selected the auxiliary input

channels (EMGUSB, EMGUSB2, EMGUSB2+, quattrocento,

sessantaquattro and SyncStation) it is possible during the Setup configuration to specify the scale factor

and the corresponding unit of measurement (see figure 6.3). For the calculation of the scale factor, please

refer to the specific document found on the https://www.otbioelettronica.it/en/downloads _ website in the

Download section.

ol Settings

Device

QUATTROCENTO

Channels

Sampiing Frequency
- an4s -

Set Analog Out

Save Setup

Load Setup

~INT
-IN2
-IN3
-IN 4
-ING
-IN6
-INT
INB

AUX 2
AUX 3

- AUX 4

-AUX 5

- AUX 6

-AUX 7

- AUX 8

-AUX 9

-AUX 10

-AUX 11
AUX 12
AUX 13
AUX 14
AUX 15
AUX 16

MULTIPLEIN 1
MULTIPLE IN 2
MULTIPLEIN3
MULTIPLE IN 4

AUX 1: Direct connection to Auxiliary Inp

Configuration of AUX 1

Adapter

[Direct connection to Auwiiary Input

Sensor

[AUX Acceleration

Muscle

[Wot defined

Side

[Wot Defined

Acquisition Mode

[Monopolar

Scale Factor Uit of Measurement: ||

Copy in "New Channel Settings”

New Channel Configuration

Adapter

Direct connection to Auxiliary Input

Direct connection to Auxiiary Input

Sensor

AUX Acceleration

Muscle

Not defined

Side

Not Defined

Acquistion Mode

Manopolar

Accelerometer Transducer

IP Address

[169.254.1.10

Saturation Threshold.

Scale Factor Uit of Measurement: ||

Set configuration as current settings

Duplicate n*

1 2| Times

Delete sensor at selected point

Clean sensor ard

Fig. 6.3. OT BioLab+ Acquisition Setup with auxiliary inputs selection.

&7

—

l\:;fil-i"b b\

L

[ Use as trigger

In case of auxiliary input setup it is also possible to select the Trigger input. When you select one auxiliary

channel it i

s enabl ed

two different types of trigger: Start rising edge

edge.

t he

-Stop falling edge

button

and Start rising edge

ATrigger

Settingso,

- Stop rising

Start rising edge-Stop falling edge: triggers the acquisition automatically when the rising edge

reaches the set Trigger threshold value and stops it at the same value on the falling edge (see

figure 6.5a).

Start rising edge-Stop rising edge: triggers the acquisition automatically when the rising edge

reaches the set Trigger threshold value and stops it at the same value on the second rising edge

(see figure 6.5b).
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B Impostazioni - E
i el -0
EMm(

Cang Choose Channel
i AUXT ~ Configurazione di AUX 1 Nuova Configurazione Canale
5
5
: Trigger Mode Adattatore Adattatore
. 5 aling edge brnection to Audliary Input | 16 channels bipolar adapter - AD&:2JD - o Bl
5 Sensore Sensare
5 {celeration | iEMG - Sensor {EMG bipolar - {EMGb -
£ Muscolo Muscolo

£ hed Net defined -
= = -
- N . %=
+- OX &
~AUX 5
- AUX &
AUX 7
AUX 8
Sensor iEMG bipolar
FaorediScala: [1_ | UntaciMisua:[ | .
Soglia di Saturazione: |:|
‘ Copia in "Nuova Configurazione Canale” ‘ ‘ Imposta come configurazione corrente |
Duplican® 1 [4] vote
[ Cancella sensore nel punta selezionato |
[ Cancella tuto |
Setup completo
< >

Fig.6.4. OT BioLab+ Acquisition Setup with auxiliary input Trigger settings.

AUX & a)
Start rising edge - Stop falling edge
AT S PR
R e e —
't
AUX &
b)
Start rising edge - Stoprising edge
N
25 e T T R P P PP ——
L

Fig.6.5. Two different types of Trigger settings. a) Start rising edge-Stop falling edge. b) Start rising edge -Stop
rising edge.
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In figure 6.6 is shown a real example of signals acquisition in two different Trigger types. In the first

case, the duration of the acquisition will always be half of the second case.

Modifica  Vista  Elaborazione  Esporta

o ‘ @ Q Q Q Q Epoch (s 0.3 v Inizie 15 Fine 1974 a)
El lo 0.2 4
E

13 |03 1 12 1. 1 13

m u ===
ELSCHD15 =
Set Scale

E] 5

i

1T

i

AU Acceleration [0

set scale

Modifica  Vista  Elsborazione  Esporta

000 caaa - o b)
é LN |

17.2¢ 1 11.75 12 2.25 |27 3 3. 5 [3.75

5
f
g
SetScale f iii H ii i HEES inc |
-+ TZ b i i i il = Hi ?
= : | I W

AUX Acceleration |0

Set Scale

Fig.6.6. Real example of two types of Trigger settings. a) Start rising edge -Stop falling edge. b) Start rising
edge-Stop rising edge.

In case you use the Forza device the setup is like figure 6.4, you have to insert Load Cell Sensitivity

and Full scale values, that you can find on the load cell itself.

a5 Settings - x
Device Sampling Frequency O Forza BT Save Setp
MY
Load Setup
Channels
AUX1 Configuration of AUX 1 New Channel Configuration
Adapter Adapter
[ Direct connection to Ausiliary Input Direct connection to Auxiiary Input
Sensor Sensor
[ AUX Acceleration -
Muscie Muscle DIRECT
Side

Not defined -
Side '

]
)
]
)
Sensibilita Sensitivity [mV/V]
om

Fondo Scala Full scale fkg]

Accelerometer Transducer

—

@

[ Uss as trigger
Copyin “New Channe Settings” Set corfiguration as cuert seftings

Dupicate n* 1 3| Times
Delete sensor at selscted point

Clean sensor grid

Fig.6.7. OT BioLab+ Acquisition Setup with Forza device.
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7 SIGNAL ACQUISITION

To start an acquisition, click on Acquisition > Start Visualizationor click on the Play button on the toolbar

from the main interface (see Fig. 7.1).

QOTBicLab+ : Version 1.2.0
File Subjects Tool View Acquisiion Help Edra

imm 2 20 B o :

Start Visualization

Fig. 7.1: Strat visualization icon

If there are problems with the device or software appears an error message, as you can see in figure 7.2.

In attesa di dati
Se questo messaggio non sparisce in breve
tempo, riavviare l'acquisizione o il dispositivo

| Open failed, Is device available?

Fig. 7.2: Error message window.

After pressing start visualization, 3 forms are visible:
1. Main: main interface, where acquired signals are always visible.

2. Channel List Real Time: aresume list that shows which signals are available and where.

3. Performances: a chart that keeps the user informed of performances required by the
acquisition. If it grows too high, there is the risk of acquisition fail and data loss.
Clicking on Acquisition > Start Recording, a file start being filled with data acquired. Clicking Acquisition >
Stop Visualization, acquisition will be stopped without saving. Clicking Acquisition > Stop Recording

acquisition will be stopped and saving process will start (Fig. 7.3).
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When saving, choose the subject that performed the experiment selecting it from the subject database
and then save it where you prefer.

At the end of saving process, acquisition will restart automatically, so, if you want to stop the display and
exit the process you must click on Stop Visualization.

Moreover it is possible to define the end of the acquisition process going to set the recording time "End
process in", at the end of the time the recording is stopped and you are asked to save the data (see in
Fig. 7.4).

elettronlco

Fig. 7.3: Visualization and recording window.

In the figure below ( Fig. 7.4) we can see the buttons available, from left to right:
1  The Start icon to start the visualization
1  The Stop icon to stop the visualization, without saving the data
1 The Pause icon to pause the visualization, in this case, during the acquisition process, the signals will still be
acquired but the display will be frozen
The Acquisition icon to start the acquisition of signals
The microSD Acquisition icon to start the acquisition on Sessantaquattro microSD card

The Stop Acquisition icon to end the acquisition process and save the data

° ® °n O End acquisition in s

Fig. 7.4: Visualization/recording buttons.
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Figure 7.5 shows the SessantaquattromicroSD card acquisition window, in which it is possible to select the acquisition
mode and time and the prefix with which the file will be saved on the microSD card and then start the acquisition.

File Subjects Tod View Acquistion Hep Exta
° ) °y [ End acquisition in s

s
BIOl_Ob+

Fig. 7.5: Recording on Sessantaquattro microSD.
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8 REAL TIME PROCESSING

One of the most important improvements of OT BioLab+ is the introduction of Real Time Processing.
They can be called from the Real Time Channel List right clicking on the signal of interest and choosing
the processing you prefer.

8.1 CLONE TRACK(S) TO

This processing let you clone the track on another form to have a copy of the signal and see it better.

OTBioLab+ : Version 1.3.0

File Subjects Tool Wiew Acquisiton Help FExra

° [ ] [0 End acquisition in <
CHANMNE] LESE REAN TITIE 50 55 5 B 0
= Main Visualization Window 100 ms - Acquisition Time: Os - Bytes OB
Clone track(s) to > New Form = = 0.0 002 o3
Trigger this track
EEG Display options... [
Apply Real Time Processing > =
|3
Reset Saturation .
I 5
e
e
1o
ELSCHO20EEG
11
12
13
14
15
16
F17
Performances 1 x =
19
Set Scale [20

Fig. 8.1: Clone track to allow to move the track to another form, for better visualization.
8.2 TRIGGER THIS TRACK

The trigger real time processing is a visualization tool that let the user see tracks only when they are
triggered by another acquired signal.
For instance, it is possible to show tracks only when a signal on the input is high, or when it raises, etc.

This processing can be applied on every track but can be triggered only by an AUX channel.

8.3 EEGDIsSPLAY OPTIONS

This processing applies a real time high pass filtering at 0.1 Hz to remove the DC from the signal. This
processinglet also apply a real time plug-in changes the acquisition mode from monopolar, detection of signals
with respect to an electrode positioned in a region of inactivity (e.g. earlobe), to differential, by selecting the

electrode of the cap with respect to which the differential signa | is to be calculated.
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8.4 RESET SATURATION

When the signal goes to saturation, exceeds the threshold set in the setup, changes color and turns red,

this plug-in allows the track to be displayed in the original color, white (see figures 8.2, 8.3 and 8.4).

Fig. 8.2: Signal tracks under saturation threshold.

Fig. 8.3: Signal tracks over saturation threshold, signals became red.
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Fig. 8.4: To turn white again the signals need to click on Channel List and click on Reset Saturation.

8.5 ACTIVATION MAP

Among the AApply real Ti me processingo there is the
matrices 32 or 64 channels and let you see an activation map to identify the zone that is more active. A

real time barycenter is shown on it. It is possible to change some settings: the type of signal, whether

Raw or the ARV of the signal, the mode, if monopolar or differential, the color scale with which the map

is displayed and the range of values, going to set the m inimum and maximum value within which the

activation map will be displayed; based on these changes and on muscle activation the map will take on

different colors. Refresh epochs are 1Hz, 2Hz or 4Hz.

Eile Subjects Tool View Acquisiion Help Exira

Channel List Real Time vation Map of Tibiaks An... X

Main
Not defined - Not Defined ELSCHO16
Tibials Anterior - Right ELSCHOB4NM2
Not defined - Not Defined AUXAce
Matrix 1000.00 v
ELSCHOBINMZ
Moge
Monopolar

Map Colorbar
v Jet
RefreshRate  Rotaton Angie
1H o 0 v
Min Value (V) Max Value (1)

500,00 V'

0.00 3V

Fig. 8.5: Activation Map during signals acquisition.
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8.6 ARV- RMS BAR

This processing shows the bar chart whose value is the amplitude of ARV or RMS computed on an epoch

of 62.5 ms (Fig. 8.6). The refresh rate is 16 Hz.

le Subjects Tool View Acqusiton Hep Extra

Uyl =gt

U elettronica

Fig. 8.6: ARV chart and ARV bar during acquisition.

0

8.7 ARV 1 RMS CHART

This processing shows a chart with the value of amplitude of ARV or RMS computed of an epoch of 62.5

ms (Fig 8.7). The refresh rate is 16 Hz.

Flle Subjects Tool View Acqusion Help Extra

Fig. 8.7: ARV chart during acquisition.
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8.8 DIFFERENTIAL

This processing is available only for matrices 32 or 64 channels, and it is available also during offline
visualization. This processing will ask to confirm about which is the matrix used for recording and will
ask the direction of differential. Then it will compute the number of groups to plot (depending on matrix

and direction) and will fill i t with the difference between the correct signals.

When the direction (horizontal or vertical) is selected, the image is rotated and the arrow corresponding
to the direction also rotates, and the names of the tracks generated by the plug -in change correctly from

row to column with respect to the presentati on of the image. In other words:

1 when the difference is made horizontally, the groups of traces generated are named as row from

1 to number of rows;

1 when the difference is made vertically, the groups of traces generated are called col from 1 to

number of columns.

Line 1 is the most top, column 1 is the most left. As shown in Fig. 8.8. Therefore, the first channel of

each group is the difference of the two electrodes in the direction of the arrow.

Col 1 Col 8

Matrix par.  eters

Row 1

Number of Columns

Row 8 Horizontal

Sensor Type

64 Adhesive Aray 10mmied. v

[ x|
Number of Rows
B |
v
Cancel

Fig. 8.8: Differential plug-in parameter.

42



% B I @ OTBioLab+ user manual v1.5

glettronica

[/ elettronica

Fig. 8.9: Differential tracks results.

8.9 FFT

This processingcan be applied only to a single signal and shows the Fast Fourier Transform (FFT)over the

last second acquired (Fig. 8.10).

e Subjects Tool View Acquision Help Exira

o .

FFT of Not defined - Mot Defi.. x

jefined ELSCHO1E

i ELSCHOBANMZ
wioed ALACE FFT of Mot defined - Not Defined
< AUXAce

200

T
1024 2048 072 409 5120

Fig. 8.10: FastFourier Transform result.
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8.10

TRAPEZOIDAL FEEDBACK

The Trapezoidal feedback allows to perform experiments in which we want to record muscle activity during

tasks. Two types of plug-ins are available, the classic tool and OT Planes which provides the user with a

video game. It is possible to realize the feedback by recording the EMG activity simultaneously with the

recording of force signal originating, for example, from a load cell or in general an input signal on the AUX

or going to record the force feedback on the electrod es themselves

8.10.1 CLASSIC TRAPEZOIDAL FEEDBACK

In case of force signal acquisition, after connecting the device to the AUX inputs of the acquisition system

and starting the acquisition, it is possible to select the Trapezoidal feedback among the Real Time

Processing available,as shown in the figure 8.1 1, by clicking on Apply Real Time Processing > Trapezoidal

Feedback.

In case of force feedback among the Real Time Processing plugin available for SEMG electrodes it is

possible select the Trapezoidal feedback, a window, like the one shown in the figure 8.12, appears and

two electrodes must be chosen from which to calculate the feedback.

The plug-in will calculate the feedback as the average updated for each new packet sent by the device of

the differences between the signals detected by the two selected electrodes. Following the choice of the

electrodes pair, the same window of the first case will open (Fig. 8.13).

(=1 Main
~IN 1 (Channel 1->64) - GR10MMO0308
g

AUX 2 (Channel 1) - AL

Clone track(s) to.. >
Trigger this track

EEG Display options...

Apply Real Time Processing >
Reset Saturation

Visualization Window 100 ms ~ Acquisition Time: s - Bytes

(] l0.01

Activation Map
Activation Map EEG
ARV Bar

ARV Chart
Differential

FFT

Impedence Map EEG
RMS Bar
RMS Chart

Trapezoidal feedback > Classic Trapezoidal Feedback

T Planes

Set Scale

]
_+$

Fig. 8.11: Trapezoidal feedback plug-in selection.
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° . 01 End acquisition in s

=
ELSCHOB4EES

OO0OO0O0OO0OO0O0O0
OO0OO0O0OO0OO0O0O0
OO0OO0O0O0OO0OO0O0

00000000
OO0 0000 0O0
OO0 0000 O0O0
OO0OO0O0O0OO0OO0O0
OO0 0O0O0O00O0

AR

Fig. 8.12: Selection of the grid channels to make the Trapezoidal Feedback.
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Fig. 8.1 3: Trapezoidal feedback processing start window.

In figure 8.1 3 you can see the yellow dot representing the force indicator in a Chart graph in Voltage (V)
on Time (s).

There are two visualization methods: Absolute and Relative scale.

When the window is opened you are automatically set to Absolute mode, if you first need to register the
maximum voluntary contraction (MVQ value and then you can switch to the Relative mode.

So, the check box "Use Absolute scale" is already selected, see figure 8.8, by clicking on the Rec MVC

button you start recording.
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After registering the MVC or after manually setting the value, switch to Relative mode (in which the

displayed value is compared to the indicated MVC) and click on the Settings button to access the window

shown in figure 8.14 and go to define the path to follow during the task.

Settings
Charta
F Bar
k] Chart E#] Path

Parameters
[ Beep

Ahzolute
B Use Sbeohte scale

Graphs Vertical scals
Scaling factor -
Uinit '

Scaled: 0,002 AL

Lger MVC

Rec MVC Reset MVC

MVE duration é) 10

Fest duratian {s) 180

ik

Redative

[[] Use Relative scale

Fig. 8.14: Setting options.

Figure 8.14 shows the menu beside the graph where you can access different display and setting
options. Below is an explanation for each button.

1 Settings: allows access to the window shows in figure 8.15, in which the path to be followed
during the task is defined. The path is divided into 5 parts and for each one it is possible to
define the percentage of MVC to reach and the percentage of error that is considered
acceptable. In addition, an equal error percentage can be defined for the entire route and

specific for each portion, enabling or disabling the check button at the top.
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1 Charts: in this section you can decide which graphs to show

o Bar: clicking on the check box the bar graph is shown on the right side of the form

o Chart: clicking on the check box shows the main graph in which feedback is represented

with a yellow dot and, if already set, the task profile to follow

o Path: clicking on the check box changes the dot color from yellow to blue

1 Parameters:

0 Beep: represents auditory feedback. When the force exerted resulting within the limits
of the path to follow, is within the percentage of error allowed, nothing is heard, if the

force is out of this interval a fAbeepd is hear

o Offset: it allows to remove the offset of the instrument used for the force measurement

and this value is represented in the text box next to it

1 Absolute:

0 Use Absolute scale: it is already selected when you open the Trapezoidal feedback

plug-in and, in this mode, it is possible to record the MVC value or enter it manually

0 Graphs Vertical scale: insert in the text box the maximum value that you want to display

on the ordinatebs axis of the graph

0 Scaling factor: insert here the scaling factor in case you want to display the values of
force, for example, in Kg instead of V. The scaling factor to be entered depends on the
sensitivity of the connected instrument, it is usually indicated in the devic e user manual
in V/Kg, in this case the value must be entered in Kg/V therefore 1/sensitivity. After

that the graph will be scaled accordingly.

0 Unit: enter the unit of measurement of the axis according to the inserted scaling factor

1T MVC:

0 User MVC: the MVC value recorded in Absolute mode will be displayed in the text box

or this value can be entered manually

o0 Rec MVC: the button allows to start the recording of the MVC in Absolute mode

0 Reset MVC: the button allows to reset the value of the MVC

0o MVC/Rest duration: it is possible to enter the duration of the recording of the MVC and

the duration of the rest period after this acquisition. When the Rec MVC button is
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pressed the recording time will be displayed and after the indicated period the
recording will be automatically interrupted. At this point the rest time will be displayed,

by countdown, but after this period it will be necessary to click again on the Rec b utton,

the acquisition doesndt restart automat.

1 Use Relative Scale: click on the check box to switch from Absolute mode (default) to the

Relative mode in which it is possible to execute the protocol definable in "Settings"

9 Start protocol: button used to start the protocol during the Relative mode

1 Reset protocol: button that is used to restore the dot to the beginning of the protocol, then

start again

File Subjects Tool View Acquisition Help Extra

— e .
° o | End acquisition in s
Channel List Real Time § Main Trapezoidal feedb.. X
Main frmRealTimeFeedbackSettings - (] X
AUX Force
[¥] Generc target error (Y90 = Save Settings Load Settings
Time(s) 1 Time(s) 2 Time(s) 3 Time(s) 4 Time(s) 5
10 s 1 s 21 v 10 v 10 ®
Level(%) 1 Level(%) 3 Level(%) 5
1,00 = 36,00 — 1,00 =
Oscillation(s) 1 Oscillation(s) 3 Oscillation(s) 5
0,00 = 0,00 = 0,00 s
Ampitude 1 Ampitude 3 Ampitude 5
0,00 = 0,00 s 0,00 =

Target Emor(%) 1 Target Ermror(%) 2 Target Error(%) 3 Target Eror(%) 4 Target Error(%) 5 =

Performances s Path
40
30
20
10 - — —

0

0 20 40 60

Cancel Confirm

Fig. 8.15: Path Setting.

Figure 8.15 shows the "Settings" window in which you can set the parameters of the path to follow. It is
possible, once all the parameters have been set, to export the drawn path, in a text file, and then to
import it, any follow the same path in other experiments. F ollowing the path setting the trapezoidal
feedback graph will change as shown in Figure 8.16. The vertical scale will now represent a percentage
value with respect to the MVC value recorded previously and when the subject is ready just click on the

AiStmproet ocol 6 button to start the protocol secti

on

cal

Iy

as
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OTBioLab+ : Version 1.4.4 = X
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Fig. 8.16: Relative scale mode.
OTBiolab+ : Version 1.4.4 = g X
File Subjects Tool View Acquisiton Help Extra
Q s Acquiring...
Channel List Real Time * _ Main Trapezoidal feedb... X =
Main [ [all Dockable Feedback X hd
AUX Force v
] Chart [“] Path s T
Parameters
105 105
| Boop b
[V] offset 0,010 o5 100 t+———
951
Absolute 90
[] Use Absolute scale 85 0
Graphs Vertical G %l
Graphs Vertical scale 75 80
Scaling factor 7 751
Unit 65 70
60
657
Scaled: 0,282 AU 55-
F 50 = 60
Performances X User MVC e 4 2 55
0 H
§ 40 8 50
& 3 & 45
MVC duration (s) S 32 40
Rest duration (s) = 20 221
= 30
Relat
elative 10 = 251
[V] Use Relative scale 5 - 20
0 15;7
{——
-5 10—
-10-
St prgeco 5 l
hs* -15
Reset protocol -20 T T T g

Fig. 8.17:

Protocol section in Relative scale mode.
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Fig. 8.18: Trapezoidal feedback generated tracks.

If you start the Acquisition there will be 4 signals related to the Trapezoidal feedback (see figure 8.18):

1 The first one is the Auxiliary channel used as input for the trapezoidal feedback acquired together

with the EMG signals at 2048 Hz and amplitude is in Volt.

1 The second one is the same signal as AJX Force, but acquired by the trapezoidal feedback window,

sampled at 2048 Hz, but with a delay of about 125 ms and amplitude is in Volt.

1 The blue signal is still the force signal but sampled at the refresh rate of the trapezoidal feedback

window of 16 Hz and the amplitude is in percentage (%) of MVC

1 The last one is the target signal sampled at the refresh rate of the trapezoidal feedback window

of 16 H and amplitude is in percentage (%) of MVC
8.10.2 OT PLANES

The video game is available as the classic plugin on both auxiliary signals and sEMG signals. Unlike the
classic plugin, the initial screen is the one shown in figure 8.19 and allows you to set the path to follow
which will later be represented within the game. At the beginning it is necessary to click on MVC to register
the maximum voluntary contraction value against which the game will be set (Fig. 8.20). Then clicking on
play starts the video game in which the subject will have to try to collect the coins that reflect the path

set in the initial settings (Fig. 8.21).
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Fig. 8.19: OT Planes initial settings

Fig. 8.20: OT Planes MVC recording
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Trapezoidal feedback of AUX ... X

Fig. 8.21: OT Planes video game

8.11 TRACK HEADER

In the track header there are several display options available in real time and offline. The toolboxes
are:

IN 1 (Channel

1-264) -
GRIOMMOB08

z
;g
|
%

Set vertical range

Set name
Set comments
Hide last channel
Set color >
Settn Remove Offset

(126 Choose channels to plot

L Copy Settings
Paste Settings
Show Markers

Fig. 8.22: Track header options.

i + Zoom In: is used to modify the vertical scale, to zoom in width.

I == Zoom Out: is used to modify the vertical scale, to decrease in width .
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i I Autoscale: allows to autoscale the vertical range, using the maximum and minimum values on
the visualization window of the selected track. | n case of grouped track the value shown in

brackets indicates the vertical distance between two channels (interspace), in case of single track

is shown the unit of measurement.

1 Set vertical range: allows to define the vertical display scale, you can choose between the display
of the individual channels spaced by a certain offset, to be set in mV and the display of the

channels overlapped each other by setting the minimum and maximum value displayed, see figure
8.23.

"
Visualization Window 100 ms + Acquisition Time: 0s - Bytes 0B

=] lo 10.01 10.02 0.03

ELSCHO&4EEG

Set Scale

Set vertical range :

(O Superimpose channels
Signal range + my

@ Shift channels

Offset between channels ]
Cancel

Fig. 8.23: Set vertical range options.

1 Set name: with which you can change the header name.
1 Set comments: itis possible to add comments to the tracks.

1 Hide last channel: when viewing the signals acquired in differential mode the last channel is always

to be discarded, it is therefore possible to hide it, so as not to be confused during the visualization.
After that it is possible to restore it.
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9 Setcolor: allows you to change the color of the displayed signals, see figure 8.24.
+ ENE

dow 100 ms
lo

on Time: 0s - Bytes 0B

0.02 0.03 0.04 0.05 0.06 10.07

ELSCHOS4EEG

Colore x
Colori cibase
i e 0 0
HE NN ..
HEiEEENEN
HiEEEEEN
EEEEEEEN
NN .
Colon personalizzat
I o o o o
o o o o
Definisci colon personalizzat
ok ] [ Amia |

Fig. 8.24: Set color option, it is possible to change the signals color, for example.in yéllow;s shown in this
window.

1 Remove offset: allows you to remove the offset, an option that is especially useful for signals
coming from the auxiliary inputs

1 Choose channels to plot: this plug-in allows to choose which channels to turn off, not to plot. It is
available for all types of grids and for EEG headsets. When the window shown in the figure 8.25
appears, the grid orientation must be selected using the Angle item and the channels must be
arranged using horizontal or vertical alignment. If you want to plot all the channels just press
AfSelect AlIIl 0, if you don't waenctt tAol Ipdl.otl fa niyn sa heaandn

exclude some channels you need to click on it and the numbering of the remaining channels will

be scal ed. Af ter t hat click on the fAOKO button to

1 Copy/Paste Settings: it allows to copy the settings of a track to another track, without having to
redo the whole process, but it is possible to copy only some toolboxes: set vertical range, set

name, set comments, set color, hide last channel.

1 Show Markers: allows you to review the instants of time and comments entered during the
acquisition and, if necessary, modify them (add, delete, export, import). See figure 8.26 and 8.27,
in which the window of the markers assigned during the acquisition is shown and from which it is
possible to modify them. If no marker has been inserted during the acquisition the window will be

empty. In case of need, marker can however be inserted offline manually.
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Fig. 8.25: Choose channels to plot toolbox allows to choose which plotting channels, following the switch-off of
some channels, the others will be scaled accordingly and will always be plotted with numbering starting from 1.
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Fig. 8.2 6: Markers assigned during the acquisition.
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Fig. 8.27: Window relative to the markers in which it is possible to modify, add, delete, export and import them
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9 SIGNAL REVIEW

OT BioLab+ allows to open and review different file types. There are three methods to load a file: using
the Open function under the File menu, from the Menu toolbar, or using the Import function under the
samemenu and toolbar. The Openmethod simply opens a new file or several files at the same time, even
of different types (extension .otb, .otb+, .bio etc). In case of multiple opening the user is asked whether
to insert the files all in the same form or in different form (Fig. 9.1). If different fo rms are chosen, they
will be named Tabl - RawData, Tab2 i RawData, etc (Fig. 9.2). To have a reference between Tab and

the original filename, this is present as a tooltip over the Tab (Fig. 9.2).

#% OTBioLab+ : Version 153 [\OTB-Nas\Lavori\Software\OT Biclab+ segnale test\Ex1_Steady10p.otb]

File Subjects Tool View Acquisiton Help Extra

i B ﬂ 2 :; ° ﬁ ¢ End acquisitionin [ s

o frmChooseMulti., — O X

Whers do you want to open fies?

Into one Main
[ Into different Main

0K

Fig. 9.1: Open method in case of multiple opening.

Tab 1 - RawData X Tab 2 - RawData

Edit View | Ex1_Steadyl0Op.otb

° ° Q Q Q Q Epoch (s} 0.5 * Selection range Start End 0O
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|0 |15 |20 |25 |30 |35 |40
=]
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Fig. 9.2: Multiple opening in case of two files in different forms .
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Import method keepthe currently openedsignalsand addsthe new onesunder them. The Import function

can be particularly useful, for example, when signals recorded using more devices.

9.1 FILE EXTENSION

OT BioLab+ can manage different kind of files:
1 otb+ : files created by OT BioLab+ containing acquired signals, setup details, subject information,
processing data and workspace. This format will be used only if the raw data dimension is smaller
than 400 Mbytes. In case the RAM of the PC is not sufficient to save this amount of data, the files
can be recovered because saved in.xml format (see below) in the same path previously chosen, in
a folder named Atempod; otherwise the files are save
be deleted automatically.
1 otb: files created by OT BioLab containing acquired signals, setup details, subject information,
processing data and workspace. Also for these files the same storage rules apply.
brx : files generated by bruxoff and containing two EMGsignalsand one ECG signal.

1 emg:filesgeneratedbyl E M@r T E M{andcontaining asingle EMGchannel.

1 frc: files generated by P-ForceMet and containing a single force channel.

91 bio: files generated by foremg and containing 4 EMGsignals.

I txt: any text file containing data can be opened. To open it, OT BioLab+ require some details
regarding the format. For this reason, a Text File Information window appears asking the user to
choose the decimal separator (dot or comma), the columns delimiter (semicolon, comma, space or
tab), the time column or at least the time increment between subsequent lines. When all the

information are inserted it is possible to open the data.

In figure 9.3 is shown a file in which the first two rows contain words and not only number so OT
BioLab+ highlighted this two rows in red bettecause i s

first two rows and then import the file as shown in figure 9.4.

gy Text file information - Chlsers\PC Lenove\AppData\Local\ Temph TempSavingFolderitest syncstation su pelle 25-00 txt E
File fomat Preview first 50 lines)
Decimal separatorie | . idot) w Col 1 Col. 2 Col.3 Col. 4 A
T— . OTSiolsbfle
D st s e s _
Tmestepis |1 | me 0 _D.I5959ETRSSTISNT | -0.36ETS40S0010417 | 0 37H0438476552
0.0005 | -0.41046142578125 -0 4236865T09635417 | -0.4374186137316
ﬁf‘;"ﬂ' info ) v ] 0001 |-0406901041668667  -D.420125325520833 | - 4343688619731
messurement foptional). |mV “| 00015 |-D3748575B4E35417  -0.39520263671875 | -0 3352543045312
0.002 | -D.35807291666666T {0.3774007T16145833 | -0 3B04524730583
0.0025 | -035552978515625 DIETR2E1H0104767 | -0I7IINT0E7EH ,
L ¥
Cancel

Fig. 9.3: Multiple opening in case of two files in different forms.
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ol Text file information - Cf\Userst PC Lenovo\Desktop'test syncetation su pelle 25-07 bet b4
File fomat Preview firet 50 Inez)
Decimal separatoris |, jdot) Time Col.1 Cal 2 Col.3 ]
Coham sogaratoris. [§) 0 -0158538T9G572917  -0.36R754065010417  -0.3799438476562
0.0005 -041045142578125 -0.423685705635417 0437418615736
£ First column is time in | seconda - 0001 | -D.40650104 1665687 -0.420125325520833 -0.43435685719701
Timestepls (05 | ma 00015 | -0.374B57584635417  -0.39520263671875  -0,3382543945312
0002  -D3SBDT2516665667 -0.377400716145833  -0.38045247359583
.:":d:ndlrfn jonall [BI 0.0025  -0.35552978515625 -0.367228190104167  -0.3733317057281
tofmesswement opionalk (M | (o g 03spstsaziisanr -0 seeesn
00035 | -0.311787523177083 -0.330058470052083  -0.3321329752604
0004 | -0.26092523256875 -0.27T6582708333333  -0.2B177EINIIN4T
< >
Cancel oK
Fig. 9.4: Multiple opening in case of two files in different forms .
In file shown in figure 9.4 thefi r st col umn is the Time so
column is timed and select the time unit
Then select the signals unit of measur ement
T xmi:

- If the file data is larger than 400 Mbytes, due to large acquisition times, a message at the end

of the acquisition will inform the user that the file has been saved in a different folder (see Fig.

9.5). In this case it is possible to visualize the data using the OT BioLab+ Open menu window

also selecting the .xml file format and choosing this file named as the folder name.

- abstract.xml files are generated by an old generation software called Acquisition Software. It

does not contain signals but all the information related to the signals acquisition and provide

links to one or more .sig files containing the data. When opening one abstract file .xml it is

possible to open one or more related signal files. Several files .xml are generated by OT

BioLab+, but the open function is reserved to abstract file created by Acquisition Software.

1 nrv: they are files generated by the Nerveana software.

1 pro: they are files generated by processing plug-in.

Important Message

e

|

Menu,

Fig. 9.5: Storage message.

O Since files are larger than 400 Mbytes raw data has been stored in a
separate folder named ' 10aabbto130228161901 ' in the same path.
In order to OPEN the data select the .xml file format in the File->Open

and

possib

cl i
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All files, once opened, can be processed, manipulated and saved as.otb+ file.

9.2 REVIEWING A SIGNAL

When opening a signal in Review Mode, OT BioLab+ displays a window similar to Fig. 9.6. The tracks
are displayed in the same way as for Visualization Mode and the same options to manage the tracks are
available during the review (refer to Tracks options section).

miPA 2 20 Qa2

Channel List

1
- Main | Edt View Processing Export
& Abductor Digt Minsmi1 - SEMG - 64 el. Gnd - 8 mam IED - ELSCHOG4NM/

4 Abductor Digti Minimi65 - SEMG - 64 el. Gad - 8 mm IED - ELSCHOB4NN -
Abductor Digti Minmi129 - AUX - Force transducer Q Q Q Q Epoch 05 s
8 28

Iz1 ls2 1283 1284 185 128 227 28 1289

< 5|« >

FIG. 9.6. Screenshot during signal review showing an example of signals.

In figure 9. 7 is shown the toolbar above the signals in Review Mode where we can see different options
to the review of signals.

Edit View Processing Export

o ° @ q Q Q 9\ poch (s' 0.05 Selectionrange Start 0 End 0,05

FIG. 9.7. Review Mode Toolbar.

Epochs

In Review Mode, the signals are segmented in epochs. The epoch size can be defined by the user in the
Set Epochfield, in the toolbar. The epoch segmentation is necessary for several processing plug-in. The
signals can be selected in two ways: a left click on the Sensor name area selects the entire signals, a
drag through the desired epoch while pressing the left mouse button selects a group of subsequent

epochs.

Moreover, it is also possible to select the start and end point of a selection using the text box: Selection

range Start 1 End.
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Edit Toolbar

When more signals have been detected from a single sensor, they are grouped together by creating a

multiple track. In Review Mode, it is possible to group and ungroup signals as desired.

To ungroup signals select a multiple tracks and then press the minus green button on the Edit toolbar
or select Edit ->Ungroup Selected Tracks from the main menu bar. All the signals related to the original
sensor will be spitted in single tracks and moved under the last signal, in the bottom part of the OT
BioLab+ Review window. The name of single tracks will be assigned automatically by keeping the
enumeration of sensor channels.

To group together two or more signals select the desired signals and then press the plus green button
on the Edit toolbar or select Edit ->Group Selected Tracks from the main menu bar. The new multiple
track generated will be moved under the last signal, in the bottom part of the OT BioLab+ Review window.
A given track can be deleted if desired, by selecting the track and pressing the Delete red button on the

Edit toolbar or selecting Edit ->Delete Selected Tracks from the main menu bar. Even if the track and

related signals are no longer displayed, in any case, the originally acquired data is preserved in the otb+

file.

View Toolbar
The View toolbar and the View menu include several options for the review of signals. The available
functions are:
1 Zoom In : increases the time view resolution by reducing the time window displayed. This
function it is also accessible by using the mouse scroll wheel together with the CTRL button.
I Zoom Out : decreases the time view resolution by enlarging the time window displayed. This
function is also accessible by using the mouse scroll wheel together with the CTRL button.
I Zoom to Selection : expand the time selection to fit the full screen.
1 Fitin Window : fits the entire signals to the full screen.
I Abstract: displays the information contained in the abstract file associated to the file opened.

The abstract will be open with a template generated in Excel.

1 Search for Abstract:  search tool that allows to find a particular file by searching for abstracts
defined fields.
Moreover, keyboard shortcuts are available to better visualize the parts of interest, as shown in the table

9.1.
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Combination Position Effect

CTRL + Left click channel list Set Track Size

Double Click track Set Track Size

DEL/CANC track Delete Track

CTRL + mouse wheel everywhere Zoom In/Out

CTRL + Left click tracks Multi selection

SHIFT + Left Click Track or track header Multi selection over the tracks
F11 everywhere Hide/Show toolbar

F2 everywhere Open Setup

F5 everywhere Start Visualization

F6 everywhere Stop Visualization

F9 everywhere Start Recording

F10 everywhere Stop Recording

CTRL+ O everywhere Open

CTRL +G on multi selected track Group them

CTRL +U on multi selected track Ungroup them

CTRL + A everywhere Select all tracks

CTRL + Up everywhere Zoom In

CTRL + Down everywhere Zoom Down

CTRL +0 everywhere Zoom to selection

A everywhere Move Tracks to the Left

D everywhere Move Tracks to the Right

W on selected epochs Zoom 1:1 on selected epochs
S everywhere Fit in window

Q everywhere Go to begin track

E everywhere Go to end track

CTRL +C everywhere Copy Settings

CTRL +V everywhere Paste Settings
Arrow key LEFT everywhere Move Selection to Left Epoch
Arrow key RIGHT everywhere Move Selection to Right Epoch
SHIFT + arrow key LEFT/RIGHT everywhere Increase Epochs Selection

Tab. 9.1: Keyboard shortcuts.

62




% El@ OTBioLab+ user manual v1.5
Nl elettronica

Multi selection

Multi selection uses the CTRLbutton and the left mouse button.

To select a signal portion it& necessary to hold down CTRLand at the same time trace the selection on
the track once the button has been left in the pop -up menu, the number of the selection (Section 1) and
the start and end time just made will appear.

To make more selections on the same signal, it& necessary to always hold down CTRLand select the
different sections with the mouse, in the pop -up menu all the selections made will appear and by clicking
on the name you can select the signal on the track and go to see and if necessary change the start and

end instants (see Fig. 9.8).

Q\ 0\ Q\ Epoch(s: 05 [Pection3 || SelectionrongeStert 53 End 70
5 10

| |15 |20 |25 |30 |35 |40 45 |50 55 60 65 |70 78 8 A

0]

000«

£

Abductor Digiti |88
uuuuu

1-sEmG-64el |EES

Grid -8 mm 10 - |ES8

ELSCHO4MM2 i

lllll a4
65 -sEMG - 64 el, FBS
Grid-8mm IED - ES8
ELscHossm2  E3B

FIG. 9.8. Multi selection with different sections on one track .

To bring the selection to other tracks, you can click on the track header or click on the signal itself.

It isn 6pbssible to make different selections on different tracks, whether it is grouped or
ungrouped (single). Even if you try to make different selections these are au tomatically related to those
made previously (see Fig. 9.9 and 9.10).

To bring the selection back on all tracks, you can press the Shift button and click on a track header .
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Edit View Processing Export

000 aaaq w:-mm

110 |15 120 |25 130 |35 |40 |45 |50 |55 |60 65 |70 175 i}

[

Abductor Digiti

ELSCHOS4NM2

Set Scale

Abductor Digiti
Minimi
65 - SEMG - 54 el,
Grid - 8 mm IED -
ELSCHOG4NM2

Set Scale

FIG. 9.9. Multi selection with tree different sections on different tracks .

To modify a selection made, always keeping CTRL pressed, you must go over the selection itself and
lengthen or shorten it manually or by changing the start and end instants.

Remember:  In case of multiple selections, a selection must always be between the end of the previous
one and the beginning of the next one, if two selections are crossed, these are modified and a new
selection is created (see Fig. 9.10).

To deselect you must press CTRLand click either on the track header or on the signal itself, in this case
all the selections made are lost.

The multi selection can be performed on all types of tracks, Group, Ungroup and on Auxiliary input (Fig.

9.10 and 9.11).
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Edit View Processing  Export

000 caaq

Epoch sk 05 [pection1 T[] Selection rangeStart 20 End 525
15 20

Abductor Digiti
Minimi
1-SEMG - 64 ¢l.
Grid -8 mm IED -
ELSCHO64NM2

Set Scale

Abductor Digiti
inimi
65 - sEMG - 54 el
Grid - 8 mm IED -
ELSCHOG4M2

Set Scale

E

Abductor Digiti
Miniri Ly
129 - AUX - Force:
transducer
Set Scale

FIG. 9.10. Multi selection overall track types.

Main X

Edit View Processing Export

000 aaaa

Epoch(s) 05 |FEETRE Selection rangeStart 53 End 63

Section 1
115 29| Section 2 |

30 |35 |40 70 75
" U T T P

45 |50 |55 160
ETURTTY M

v ‘65\
e

SetSeale

B

Abductor Digiti
2-sEMG-64el. [fO - Py

ELSC_054NM2

Set Scale

FIG. 9.11. Multi selection on a single track and pop-up menu to identify the section and start/end istants .

Figure 9.12 shows the tab result of the Differential processing applied to the three selections made in the

grouped signal above.
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Tab1

ata Tab 1 - Results

Edit View Processing Export
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FIG. 9.12. Results df Differential plug-in applied to tree differen"t sig-junal‘section .
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Subject Toolbar

Every signal acquired has to be stored together with subject details. For each subject it is possible to
create a record containing all the related data. The records are collected into a database. OT BioLab+
give the user the possibility to manage different databases. This feature can be useful for privacy aspects
when more user use the same PC but they dondét want
By default one database is created by OT BioLab+ during installation in a folder managed by the O.S.
that the user ¢ a nabcessdirectly. If the user donténeed more than one database no operation are
required, automatically the default database is used and all the operation are performed on it.
Alternatively, under Subjects ->Manage Database it is possible to create a new database or select an
existing one. The database created by the user can be saved everywhere on the hard drive or external
memory deviceswith the desired filename. The extension, by default is .otdb. When a user database is
selected, OT BioLab+ keep memory of the database even when the software is restarted. In case file
.otd is removed, renamed or moved from the originally folder, by default the software switch to the
default database. Subjects can be added to the database at the end of a recording, but it is also possible
to insert new subjects at any time. In particular, it is possible to add new subjects to the database or
find and edit the subjects record. Pressingthe Add New Subjectbutton in t he Subject toolbar, the Subject
Editor window appears (see Fig. 9.13). All the information related to a subject can be typed, few of them
are compulsory, and then, pressing the OK button, the subject is added to the database.

In case some information related to one subject has to be modified, it is possible to search the subject
into the database, and then edit any desired field. The Find/Edit Subject button on the Subject toolbar

open the search window. Any parameter of a subject can be used to find its record into the database.

Subject editor - Default database

Family name: || ‘ First name: |

Sex
® Male Bith date (08/01/2019 [~ | Weight [kg] |0 = Height [em] |0

() Female

Registration date 08/01/2019 [E~

Pathology Comments

Cancel

FIG. 9.13. Subject Editor window. It allows to add a new subject to the database or edit the information related

to an existing subject.
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9.3 SIGNAL EXPORT

It is possible to export the signals acquired using OT BioLab+ to use them with different software (e.g.

Mat |l ab, Excel, LabView etc.). The methods to export t

Using this option, it is possible to export single or multiple tracks, the result of a processing or a subgroup
of signals acquired. The export can be done using different file type: Binary, CSV, Wav or Matlab files.

Refer to the following paragraph for fu rther details.

Export binary data

To use this option, during review, single channels or subgroups of acquired channels can be exported in
binary data format. To export a .sig file selectthe desired tracks, choose Export>As binary file from the
main menu toolbar. All the signals originally acquired and for the entire acquisition time are exported
together regardless of any applied selection.

The .sig file exported is a binary file structured as a number of row equal to the number of channels
acquired (i.e. number of rows occupied by sensors in the setup used during the acquisition) and a number
of columnsthat dependson the signalsduration. The sample values are signed short in the range -2048
+ 2047.

The following formula can be used to obtain the

each binary value N in the .sig file:

0 tpmmm |
T rTe~v v v
C tOw&s

”n 3

w

where:

T 6M0 is the A/ D conwdtster input range in

7T 6ADRESO6 i s theesodtoD converter

1 6 Ga i thefgain used during the acquisition for the corresponding channel

T 610006 allow tomybtain the result in
For example, when using EMGUSB, EMGUSB2 and MEBA, the A/D converter input range(Vap) is5 V,
the resolution (ADRES)is 12 bits and the Gain for each sensor can be find in the abstract file. Note that
the gain for AUX channels is 0.5 V/V since the inputs accept -5 + 5V dynamics, but the A/D converter

input range is 0 +~ 5V.

signal
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Export CSV data

Single channels, subgroups of acquired channels or processing results can be exported in CSV(comma
separatedvalue) format. To export a .csv file selectthe desired tracks, choose Export A As .csv file from
the main menu toolbar. An error will occur if track with different sampling frequency are selected to be

exported together.

In case in which only one recording fragment is to be exported, for example from the instant 20 to the
instant 30 it is necessary to indicate in the #fASel
9.14, after which click on Export A as .csv file.

After the filename and the position has been selected the Export Settings window is displayed (see Fig.

9.15) where it is possible to select the type of header and decimal separator.

Edit View Processing Export

o ° @ q Q Q\ Q Epoch (s): D-5I5e|er.tinnrange$tart 20 End 30I
8 0 5 10

15 |20 |25 |30 35 40 45 50 55 [:1] 65 70 ~

Abductor Digit
Minami

1-6EMG -S4 el, 39
Grid - 8 mm IED -
ELSCHOGSNM2

=
I

|

Fig. 9.14: Example of group of tracks export by selecting only a part of the signal of interest, such as circled in
red from the instant 20 to 30.

Header style

() No header (just the data is saved)

@ 2lines compact header

() Full header (channel names and data are saved)
Decimal separator

Please choose the decimal separator for the export file:
© English decimal separator (dot)

@) Your locale decimal separator

Fig. 9.15: Export Settings window. It allows to set the exporting options.
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Single channels, subgroups of acquired channels or processingresults can be exported in as a Matlab file.

To export a .mat file selectthe desired tracks, choose Export->As .mat file from the main menu toolbar.

The data is exported with signals amplitude estimated by OT BioLab+ representing the input signals at

OTBioLab+ user manual v1.5

the amplifier inputs, taking into account the gain used during the acquisition. By default the time columns

is added and the measurement units are indicated in the file header.

Note that it is not possible to export simultaneously different tracks if they has been acquired with

different sample frequencies.

Export Matlab Files

An error will occur if track with different sampling frequency are selected to be exported together.

The .mat file exported can be open using Matlab. After the file has been open different variables will be

added to the workspace:

to select the exported .mat file and produce a graph of the exported channels versus time.

n

1

= =4 =4 =4

Data: an N-by-M matrix containing the exported data, N is the number of samples exported, M

is the number of channels exported;

Description: an M row vector containing the description of each channel exported,;

OTBFile: is the path and filename of the .otb file where the data has been exported,;

SamplingFrequency is the value of Sampling Frequency in Hz;

Time: is an N row vector containing the time instant for each sample of the exported data.

t he

Mat Lab Codes fol der i s avail abl

Export WAV Files

e

a

scri

pt

Single channels, subgroups of acquired channels or processingresults can be exported in as a WAVfile. To

export a .WAVfile selectthe desired tracks, choose Export -> As .WAVfile from the main menu toolbar.

As shown in Fig. 9.16 it is possible to define the gain of the exported signal and set the duration to be

exported of the signal, consequently the sampling frequency of the exported file is calculated.

Edit View Processing Export

+ = I]_]] ‘ . . . . Epoch (s): = 0.3 SelectionrangeStart 0  End 17.f

= |0 14 E |12 B
_EI =
=

i)

o5 frmExportWaveFormat - O X

Nommalize Data Amplitude

=
Current duration 00:00:17.839 f = 2000 Hz
Exact duration 00:00:17.8330000 f = 2000 Hz
Ei
B

Fig. 9.16: Export WAV Settings window. It allows to set the exporting options.

cal
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9.4 TRACK HEADER

it is similar to the real time track header, section 8.11. Is also reported a description of the signal and the

type of sensor used in the acquisition, but the available tools are the same (Fig. 9.1 7).

Tab 1 - RawData

Edit View Processing Export

o ’ m Q q Q Q Epoch(sh 05 Section 1
= 0.1

|0.

E‘ %
Abductor Set vertical range
Minim

o [0.2 [03

1 - sEMG - Set name
Grid -3 mn
ELSCHDG Set comments

Hide last channel
Set Inter

(3,331 Set color » Set One Color
— 4+ Remove Offset Set Colors Automatically
=] Choose channels to plot
Copy Settings
Paste Settings

Abductor Digiti
Minimi

65 -sEMG - 64 el.

Grid - 8 mm IED -

ELSCHO84MNM2

-

Set Interspace
(3,33mv)

-+ i
Fig. 9.1 7: Track header in reviewing mode.
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10 SIGNAL PROCESSING

OT BioLab+ allows to process any kind of signals managed by the software itself (efer to the File
Extension section). The processing tools are available in Review Mode. Processing functions are
accessible under the Processing menu or with right click on channel list (Fig. 10.1).

There are processing plugins that can be only applied to single tracks and other processing canbe applied
both to a single track or to a multiple track (refer to Track Options section). Each processing can use on
selected range using manually selection or inserting the values in Start and End textboxes (Fig 10.1).
All the processing tools do not change the recorded signals but generate new tracks under the last

existing track.

Fle Subjects Tool View Acquition Help Era

mimB 220 B % s
e —_

i Edit View Processng  Export
CEIEEE ,
° ° @ q q Q Q Epochisk 05 [selectionrangeStat 0 End 05
EEG Display Option - |01 2 ]
Apply offline processing > Absolute Value =

AUX Force
Activation Instant Detection

Clone track to new form

Activation Maps
ARV

Aversge

Band Pass EEG
Calibration

Coefficient of variation
Conduction Velacity Phase Deley (3 Signals)
Convalution

Mutichannel Canduction Velociy
Parabokic
PSD

Show Accessory Buffer Channel 1

Fig 10.1: List of processing tools.
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10.1 CLONE TRACK TO

It allows to clone the track relative to the selected signal to another existing form (or a new one) or to

bring it back from one form to the main form (Fig. 10.2).

#% OTBiocLab+ : Version 1.5.3 [\WOTE-Nas'Laveri\Seftware\ OT Biclab+\segnale test\Ex1_Steady10p.oth]
File  Subjects Tool View Acquisition Help  Extra

iBp® 220 B <

Tab 1 - RawData Tab 2 - RawData
E| Tab 1- HawData Edit View Processing Export
[+)- Abductor Dwgm Minimi65 sEMG 54 cl. Gad 8 mm IED -EL Move Track To... - S~
{ .. Abductor Digiti Minimi129 - AUX - Force transducer Clone track(s) to... N Tab 2 - Results Q
-I- Tab 2 - RawData 5 X
\ (- Abductor Digti Minimi1 - sEMG - 64 &l. Grid - 8 mm IED - ELS EEG Display Option Tab 1- Results 10
\ [ Abductor Digiti Minimi65 - sSEMG - 64 el. Grid - 8mm |ED - EL Apply offline processing » New Tab
Abductor Digiti Minimi123 - ALIX - Force transducer
- Tab 2- Resuts 1 —————+1
[+~ AMS of Abductor Digiti Minimi1 - sEMG - 64 el. Grid - 8 mm IED - ELSCHO64NM2 5 T
=+ Tab 1- Results g I
- Binary track of Abductor Digiti Minimi1 - sEMG - 64 el. Grid - 8 mm IED - ELSCHDBANM2 g E—
3 [

Fig 10. 2: Clone track to another form.

10.2 EEGDISPLAY OPTION

It i s the same processing of section 8.3. It allows to apply a high passfiltering at 0.1 Hz to remove the
DC from the signal. This processing let also apply a plug-in changes the display signals from monopolar,
detection of signals with respect to an electrode positioned in a region of inactivity (e.g. earlobe), to differential,
by selecting the electrode of the cap with respect to which the differential signal is to be calculated.
10.3 ABSOLUTE VALUE
The plugin, when applied, simply rectify the signals.
Practically, it returns a new non-negative signal without regarding to its sign:

dbobo®od os

Where s(1) is the original signal.

10.4 ACTIVATION INSTANT DETECTION

This processing tool estimates the muscle oni off timing, based on a physical model of muscle activation

rather than on a phenomenological one. Muscle activity is recognized based on the presence of MUAPS in
the surface EMG signal.

The surface EMG signal is the sum of the MUAP trains. A basic function can be assumed to roughlydescribe
the shape of a generic MUAP detected on the skin surface and the train is indicated with MUAPT (t) .

The EMG signals(t) can therefore be expressed as:

ve B 5=

<« )
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= <« is the additive noise

In the case »= » ! "Cand n(t) being white noise, one single event is repeating in the signal with a

known shape and unknown amplitudes and times of occurrence. In this case, the matched filter (CWT) s

the optimal filter for detecting the presence of a MUAP.

" ¥ o W
F 57 3l FHW R Yor TR
where:
9 s(t) is the signal to be analyzed
1 w(t) is a prototype function (mother wavelet)

1 Wis a translation index
9 a is a scale parameter related to the frequency content

The CWT acts as a filter whose impulse responseh(t) is equal to w(-t).

The event detection is applied to the filter (CWT) output and an amplitude threshold function —(t) is
defined ast « 1 H®& 7 4$h«, based on the noise level.

The amplitude M of the maximum of the test function —(t) within the interval (0 <t<T noise), initial period

in which the EMG activity is not present, is used to set the threshold value as:

I Ofet « )
<] »id  wheres»>1  (4)

The revealed vector is set at one for the time periods during which —(t) exceeds the threshold and zero,
otherwise. If the SNR is high, the choice of the value » is not critical, due to the great amplitude difference

between EMG signal and noise. If the SNR is low, a low value of » becomes a conservative choice.

After the detection process, events identified and separated by a temporal distance smaller than 125 ms
are considered as belonging to the same contraction and merged. This value (125 ms) corresponds to a
global muscular firing rate of eight pulses per second (pps), which is arbitrarily assumed as the lowest
effective muscle activity. After the merging of activity bursts closer than 125 ms, the detected events

shorter than 5 ms are attributed to either isolated MUAPSs or noise related spikes and disregarded.

The algorithm is described in the paper: fA Fast and Reliable Technique for Muscle ActivityDetection From
Surface EMG SignalsA.Merlo, D. Farina & R. Merletti, 2003, IEEE Transaction on Biomedical Engireering,
VOL. 50, NO. 30
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When the Activation Instant Detection plug -in is selected, the window shown in figure 10. 3 appears. The

Initial noise section and the Alpha value correspond to the initial interval and the alpha parameter of the
formulas (3) and (4). While the Minimum size of an inactivity should be greater than 125ms and the

Minimum size of an activity should be between 5 - 40ms.

B 5000

Abductor Digiti
Minimi |

125 - AUX - Force
transducer

=

Set Scale

4 Settings

Initial noise section in seconds

Apha valus
Abductor Digiti Minimum size of an inactivaty in ms
Wiimi
1-5EMG -54el. || Minimum size of an activaty in ms
Grid -8 mm IED -

Set Scale

—_—

Fig 10. 3: Activation Instant Detection parameters.

Figure 10.4 shows the processing result applied to the track above.

£45 OTBioLab+ : Version 143 [C:\Users\PC Lenovo\Documents\OT Biolab+\Segnali emg esempic\Ex2_Steady30p.oth] - *
File Subjects Tool View Acquisiion Help Exra
A - End
BiBEaR 2 22 ° i L s
_ acquisitio
S Edit View Processing Export

000 aaaq

|10 |15 |

Epoch(sh D5  SelectionrangeStat 0 End 77,62
20

|25 |30 |35 |40 |45 |50 |55 |60 |65 |70 s A
Minimi
1-sEMG -64el 0
Grid -8 mm IED -
ELSC_0649NM2

Set Scale

]

Activation Instant

Abductor Digiti 0.6
Minimi

ELSC_D64NM2 |04

Fig 10. 4: Activation Instant Detection result.
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10.5 AMPLITUDE

This processing tools use some standard amplitude estimators to generate two new single tracks
containing the results. The estimators are the Average Rectified Value (ARV), the Root Mean Square
(RMS), the Mean Square, Signal To Noise Ratio and Epoch Average. The resultingracks generated are
added under the last existing track. In all casesa value for every epoch is calculated and displayed as a
point in the middle of each epoch. When the zoom s set to display more epochs, the points are connected

each other by displaying a line between each adjacent points.

The estimation of ARV (AARV) is obtained for the epoch i using the following formula:

“ v prmtmm .
(o] Q ——— Wws' v
)
where:
- ON6 is the numbepoch of sampl es per
- &b is the amplitude of the simynal at the input of

6 1 0 allows to obtain theresultin 7 V.

The estimation of RMS (ARMS) is obtained for the epoch i using the following formula:

[

where:
T 6N6 is the numbepach.of samples per
T &b is the amplitude o ftheanplfier;mimynal at the input of

T 610006 allow toiowbhtain the result in

The estimation of Mean Square is obtained using the following formula:

] AAafNoAch & a0
where:

- ON6 is the number of sampl es

- 6 is the amplitude of the simynal at the input of
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The estimation of Signal To Noise Ratiois computed as the Ratio between the highest RMS value of the track
and the lowest one.
The estimation of Epoch Average is the mean value of each epoch. Graphically, it is represented by a point

for each epoch.

10.6 Band Pass EEG

This processing will extract from each signal (each channel) the characteristic 5 bands of the EEG
signals. Each of them has a specific frequency range, as you can see in the figure below (Fig.
105),and itds rel ated t-lorainastatdsi Ih padicularntthe affauband i it thes a |
oscillatory c¢ o mpulingdrequency ih thé hudman EEG Hs power spectrum is

represented by the following formula:

+T 2

P(Q):%Tlin; % [ 2(t)e=I%dL
-7
Filter Parameters n
Detta Band Hz He
Ok Cancel

Fig 10. 5: Band Pass EEG parameters.
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10.7 CALIBRATION

This processing plugin can be used to calibrate a signal acquired for example, using a load cell to obtain
the trace directly expressed in the correct measurement unit and with the correct scale (Fig. 10.6).

Moreover, it is possibleto remove an offset to obtain the correct zero level. In this case it is necessaryto

choosetheAUse t he signal average over selected epochd as
Calibration X
A+ Bx-C
B- [ 1]
c= 1

g
Use the following value
Use the sig

o]
®

c L G
SI0OLCD+

Fig 10. 6: Calibration plug-in, window in which set the function constant.

10.8 CONVOLUTION

This processing performs convolution between two signals in order to recognize the highest cross
correlation between them and how the shape of one is modified by the other. Once it recognizes it, it

will shift in time the second signal in order to align th em.

(F * 9)(t) = f : F(7)lt - 7)dr

Where:
- f{Y) is the first signal
- g(t) is the second signal
- Uis a generic time constant
For doing this process it is necessary to select two tracks because ofthec onv ol uti onés definit

otherwise it will not work.

10.9 CREATE BINARY TRACK

The processing Create Binary Track allows you to set a threshold: all the values above this threshold will
be set to 1, the remaining value (which are value lesser than the threshold) are set to zero, or vice versa,
depending on the ThresholdParametersyou choose (Fig. 10.7.a). It could be useful for highlighting

interesting parts of the signal or eliminating minor parts of the signal (see Fig. 10.7).
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Fig 10. 7: Create Binary Track plug-in. a) Window in which set the function parameter and b) Processing results.

10.10 CONDUCTION VELOCITY ESTIMATION

This tool has been designed for the estimation of conduction velocity (CV) from single differential signals

detected by an electrode array. It is possible to use three different plug-ins to estimate the CV.

The first plug-i n t hat appears in the dropdown menu under AC
vel ocity Phase Delay (3 signals)odo and it requires thr
The three signals must be three single tracks selected by the user. The tracks can be grouped or

ungrouped (see section 9.2) . I n case the wuser needs to use the A
recommended to group tracks to optimize the selection.

The algorithm calculates two double differential signals from the three single differential signals and then

estimates the delay between the two signals obtained in a least square sense in the frequency domain.

For further details on the delay estimationre f e r t oK.C. BoNMa@li.JIHigh-resolutionalignmentof
sampledwaveforms.|IEEETrans Biomed Eng, BME31: 46274 6 8 , 19840.

Once the delay is estimated, CV is obtained dividing the distance between electrodes by the delay

obtained. The indication of the Inter Electrodic Distance (IED) is first of all searched in the sensor name

field of the signals, in case it is not found it i s asked to the user.

The track containing the results is added under the last existing track. A value for every epoch is

calculated and displayed as a point in the middle of each epoch. When the zoom is set to display more

epochs, the points are connected each other by displaying a line between each adjacent point.

The second plug-in that it is implemented is based on a different algorithm andisnamed A Mul t i channel
ConductionV e | o cWith thi©plug-in it is possible to select and use different channels (three or more)

to estimate the CV.Also, in this casethe tracks can be grouped or ungrouped. In case the user needs to

use the ifree selectiond on tracks it i s recommended
Fig.10.8).
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Processing = Export
Absolute Value

Amplitude . Epoch: 0.5 5

Band Pass EEG

Calibration 102 0.3 0.4

Convolution .

CV Estimation C Conduction Velocity Phase Delay (3 Signals) =
Data approximation v Multichannel Conduction Velocity =
Decomposition v Windowed Conduction Velocity S
Derivate E

Fig. 10. 8: Multichannel CV plugin used on grouped signals.

This multichannel algorithm estimates the CV in the frequency domain. The algorithm is described in

the paper: af Average mgsciesfibet conduction velocity from surface EMGsignals during

fatiguing dynamic contractions. D. Farinaetal, IEEETrans BiomedEng.2004 Aug;51(8):1383-9 3 0 , and it
provides an estimation of the CV from a set of EMG signals in a time interval in which the mean square

error (MSE) between aligned signals is minimized. The minimization of the MSE function is performed

in the frequency domain, without limitation in the time resolution and with an iterative computationally

efficient procedure. The algorithm that isimplemented in OT Biolab+ usesa rectangular window with an

amplitude of unity. This choice was adopted in order to minimize the computational time of the

algorithm. The CV is calculated for epochs as for the previous algorithm. The track containing the results

is added under the last existing track. The value for every epoch is displayed as a point in the middle of

each epoch.

The third plug-i n i s named #AWindowed conduction velocityodo an
center of a free selection. The signal is windowed in time domain by a Gaussian function. The algorithm

used is the same of the Multichannel CV, so three or more signals can be selected. In this case it is

necessary to group the tracks in which the user calculates the CV. Using the free selection, the plug-in

calculates the CVat the center of the selectedtime interval asreported in Fig. 10.8. When this plug-in is

selected, a window will appear to select the desired sigma in milliseconds of the Gaussian window. The

calculated value is reported in a new track at the center of the selected interval (see Fig. 10.9).
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Fig. 10.9: Example of a windowed CV calculated with a Gaussian function (sigma of 30 ms).

10.11 DATA APPROXIMATION

OT BioLab+ can provide different type of data approximation. In particular, five different tools are
grouped under the Data Approximation menu voice: average, coefficient of variation, linear, standard

deviation and parabolic.

For completeness, in the following lines there are a basic description of the mathematical principles of

each tool.
1 Average:
aQELDQ
Where

- Xxis a component of the vector x/i/ of nelements (in fact the operation is integrated in a for

cycle)

9 coefficient of variation
6w —Ppmm
Where

- Uis the standard deviation

I is the mean
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ﬂ Standard Deviation

B N ‘
VO W 3

Where

- Xis a generic element of the vector
- T isthe mean

- Nt the length of the vector

ltdés a statistic measure of the amount of wvariation

from the acquisition.

1 The linear and parabolic approximations are two methods that use an affine function to
approximate the original signal in a simplified way. They are used in the finite difference method

for solving complicate equation, also in this case of EMG signal acquisition.

The five approximations can be applied at any kind of single track, but they are intended to be applied
on processing results based on epochs: amplitude, frequency or conduction velocity estimation results.
When running a data approximation on a track, the software calculates the polynomial curve with the
desired grade best fitting the data set, minimizing the square error. The polynomial curve obtained is
superimposed to the track containing the data set and drown in red. The identified coefficients are

indicated in the sensor name.

10.12 DECOMPOSITION > DECOMPONI

The plugin, when applied, decompose the grouped signals, only if the length is between 20s and 100s .

When you select the grouped signals and click on Processing-> Decomposition -> Decomponi, a Settings

form is displayed (Fig.10.10) in which it is possible to set the parameters of the decomposition algorithm

and select the channels of the acquisition matrix on which to launch the algorithm, as shown in the

following figure. After carrying out the processing, a window divided into two parts appears: Motor units

found and relative Firing rates (figure 10.11). Figure 10.11 shows the Motor Units found in differential

mode;i n t he modul e header it is possi bhargethedisglaymede.t t he

As highlighted, the motor units are presented in three different ways:
- Default: MUs are presented in order in which they are found,
- SIL: MUS are presentedaccording to the silhouette of the single MU

- Number of Peaks: MUs are presentedaccording to the number of peaks of each one.
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It is also possible to select all the approved Motor Units or the single one to be imported in the Main page.
The last part of window is relative to Firing rate: Innervation Pulse Train IPT and Instantaneous Discharge
Rate IDR (figure 10.11).

The buttons on the side allow you to select the activation peaks and eliminate them, figure 10.12, select
spikes and add these to the peaks highlighted by the algorithm, figure 10.13. Figure 10.14 shows the IDR
and the two figures IPT and IDR can be placed side by side and by selecting the "Synchronize zoom"
button it is possible to synchronize the two figures during the zoom and unzoom phases.

When you click on "Save Only Approved MU", the spke trains of the saved motor units are shown in the
main window and if the individual motor units are also imported, they are displayed in the main window,
as shown in figures 10.15 and 10.16. To display them, however, it is necessary to take into account that
the individual motor units are active in short instants, and it is necessary to modify the time scale and the

epochs to be able to see them, for example set the duration of the epoch to 0.05s (50ms) , figure 10.16.

Fig. 10.10: Settings Decomponialgorithm.
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