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INTRODUCTION
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DECOMPOSITION OF EMG SIGNALS
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INTRODUCTION
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EVOLUTION OF EMG RECORDING METHODS

Arrays of surface electrodes Ultra-dense grids
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EFFECT OF THE VOLUME CONDUCTOR
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EFFECT OF THE VOLUME CONDUCTOR
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SPIKE SORTING FOR INTRAMUSCULAR EMG

Arrays of intramuscular electrodes (Kilosort) Pachitariu et al. (2023) BioRxiv
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EMG DECOMPOSITION USING BLIND-SOURCE SEPARATION
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EMG DECOMPOSITION USING BLIND-SOURCE SEPARATION

Ales Holobar
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Trans Signal Process
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EMG DECOMPOSITION USING BLIND-SOURCE SEPARATION

Popular repositories

Simon AVRILLON

https://github.com/simonavrillon
https://github.com/ciaragibbs

New Results A Follow this preprint

Tutorial on MUedit: An open-source software for identifying and analysing
the discharge timing of motor units from electromyographic signals

Simon Awvrillon, Frangois Hug, Ciara Gibbs, Dario Farina
doi: https://doi.org/10.1101/2023.07.13.548568

This article is a preprint and has not been certified by peer review [what does this mean?].

Ciara Gibbs |Qo[][~30[]=.-.'-0[]o:o[]CIO[]Bo[]v53|

Abstract Full Text Info/History Metrics (3 Preview PDF
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EXPERIMENTAL SETUP
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MUedit

Decomposition panel Edition panel

® MATLAB App MATLAB App

Decomposition Edition isati Decomposition Edition Manual edition
Decomposition Settings Edition MU displayed # Remove outliers

File name Select file File name Select file

Reference [Force Tabs to navigate between panels —

Check EMG | Yes

Batch processing
Contrast
logcosh

function 1 - Remove all the outliers
Initialization | EMG max .
2 - Reevaluate all MU filters
CoVfilter |No

3 - Remove flagged MU
Peeloff | No

Add spikes Delete spikes Delete DR Lock spikes without whi
4 - Remove duplicates within

Refine MUs No Panel with the settings rids

Number of iterations 5 - Remove duplicates

between grids
Number of windows

Number of electrodes

Threshold target

Visualisation

Plot MU spike trains
Nb of extended

channels .
Plot MU firing rates
Duplicate threshold

SIL threshold
Save the edition
COV threshold
Save

Start WIndOW 'FOI' the Visualisation < Scroll left Zoom in Zoom out Scroll right >




FRAMEWORK FOR OFFLINE EMG DECOMPOSITION

EMG signals from all
the grids/arrays

|

[ Import data ]

)

1A. Load the file
with raw EMG

[ 1B. Format the file ]

Pre-process

EMG

2. Filtering of EMG
signals

3. EMG signal
extension

4. EMG signal
whitening

17

|dentification of
pulse trains

>[ Post processing ]

8. Save the pulse
trains above
thresholds

5. Fixed point
algorithm

6. Detection of

discharge times 9. Remove the

duplicates
7. Refinement of l
the separation
vectors Output file



Decomposition Settings

10_DF.otb+ Select file 4\

Reference | Force

Button to import ‘otb+" or ‘mat’ files

Check EMG | Yes

Contrast

. logcosh
function g

>

Options for the decomposition

Initialization | EMG max
CoV filter
Peeloff

Refine MUs

Number of iterations
Number of windows
Number of electrodes

Threshold target \

Nb of extended Parameters for the decomposition

channels
Duplicate threshold
SIL threshold

COV threshold

Button to start the decomposition se=p Start



OPTIMISATION OF SEPARATION VECTORS (::::

Initialisation of the separation vector o
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Fixed-point algorithm

i
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200 ch -
‘ l Peak detection and
1s classification

[r—

19



Number of

False negative

OPTIMISATION OF SEPARATION VECTORS
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Fixed-
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PEEL-OFF
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Buttons for manual Silouhette value

List of motor units \ ( edition (

[ ) MATLAB App

Buttons to select
Decomposition

files and im PO rt Edition MU displayed # | Grid_1_MU_1 Remove outliers SIL = 0.97441

them \ 10_DF.otb+_: Select file

Import data

Edition Manual edition

Discharge rates

N N
o u

=3
(3]

Batch processing

=
(=)

Panel for batch

Discharge rate

1 - Remove all the outliers

processing the 5 3 . |
” o : uttons for manua
manual edltlon 2 - Reevaluate all MU filters 0 pe Bn e
Time (s) / edition
3 - Remove flagged MU
\ Add spikes Delete spikes Delete DR Lock spikes Reevaluate without whitening Reevaluate with whitening ‘

4 - Remove duplicates within
grids 15

5 - Remove duplicates

between grids . .
| Motor unit pulse trains
and identified spikes

e

Panel for
Vlsuallsat|0n Visualisation

\ Plot MU spike trains

Pulse train

Plot MU firing rates

A f
0 It Lt L 1) L b A ) i ) L b (D 00 00 N 4L B LALLM D M 1 |

Save the edition
(0] 5 10 15 20 25 30

/ Save Time (s)
< Scroll left Zoom in Zoom out Scroll right >

‘Save’ button

Buttons to navigate
within the signal
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MANUAL EDITING

A. Automatic decomposition B. Manual editing
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Discharge

Pulse

C. Recalculation of

MANUAL EDITING

D. Manual editing

the separation vector
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NEURAL CONSTRAINTS ON MOTOR UNIT CONTROL
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CALIBRATION

ONLINE

ONLINE EMG DECOMPOSITION WITH I-SPIN LIVE
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s = = = &8 . | *~|‘j \ ‘M,“““”MW
[] s = 8 — — — ‘ —
“ s vector 200 ¢h :
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vectors ®
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1. Recording panel

MATLAB App
Recording | Training Visualization
Recording S Grid displayed #

Channels Muscle

mGrid# Tab for navigation

Frequency
HP filter
LP filter

Refresh rate

Setting panel

Saving settings

Folder name Select folder

3. Edition panel

° MATLAB App
Seliten MU displayed #

File name Select file

Import data

Cleaning

Remove flagged MU and
duplicates

Visualisation

Plot MU spike trains Add spikes Delete spikes

Plot MU firing rates

Save the edition

Save

< Scroll left Zoom in

Initialize Quattrocento

Visualisation parameters

Visualisation panel

Remove outliers

Delete DR Reevaluate window

Zoom out Scroll right >

2. Training panel

MATLAB App
Iy Visualization
g Settings Grid displayed #
MVC parameters

Duration 0

Rest 0 ‘

)

Training parameters

MVC Target | 0]

e —

SIL threshold
COV threshold

Nb lterations | 50]

4. Bioefeedback panel

MATLAB App

Edition acl Biofeedback based on MUs

Biofeedback Settings X axis displayed Y axis displayed

Import MU filters

Force parameters

MVC target l:l
Duration ramp \:l
Duration plateau
Duration rest 0

Nb iterations | 1]

Type of biofeedbacks

Quality of the decomposition

Initialize Quattrocento

Initialize Quattrocento




EMG signals from all the
grids

1 |
)

INPUTS

EMG signals from all the grids
Force

|

[ Recording panel J

baseline noise

[ 1. Check the

J

noisy channels

[ 2. |dentify the

J

|

A mask for all the grids
A file with the raw EMG

OUTPUTS

A file with the EMG
decomposed

|

» Training panel

1. Remove force
offset

2. Measure the
MVC

3. Perform the
baseline
contraction

|

Separation vectors from the decomposition

Covariation matrix of the EMG signals for
each grid

Centroids for spikes classification

A file with the EMG decomposed

» Edition panel

Force

EMG signals from all the grids
A file with the EMG decomposed

and edited

4 |

Bioefeedback
panel

1. Manually clean
the spike trains

2. Re-evaluate the
spike trains

3. Remove the
flagged unreliable
spike trains

|

A file with the EMG
decomposed and
cleaned

1. Load the edited
file

2. Perform the
online task

3. Visually check
the quality of the
decomposition

|

A file with the EMG
decomposed, the

targets, and the raw
EMG and force data



MATLAB App

Visualization

Editi

Training

o
=
B
<]
o
o]
o

1

Grid displayed #

Recording Settings

Muscle names

Channels

Select the ba...

isualize the 64 channels of your

1.v
grid in real-time (buffer of five seconds)
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Check

2048
10

8
Saving settings

HP filter
Start Visualization -

Frequency
Refresh rate

Visualization

Editi

Training

Recording

12312

1

Grid displayed #

45 Recording Settings

col #2

Muscle names

Channels

101213

1213

2048

Frequency

Cancel

10

HP filter

8

Refresh rate

Select folder

Saving settings

/Users/savrill

2. Visualize the 64 channels of your

Check

ualization -

Start Vi

grid and remove the noisy channels
(enter for each column space-separated

Start Vis!
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1. Set the parameters for the maximal

voluntary contractions. The participant will

perform three maximal voluntary
MVC parameters contractions

Training Settings

2. Check the box for recording

and removing the force offset buration

moree [0

3. Start the MVC. The button

turns green when the participant
must perform the MVC

\ Start MVC
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2. Set the parameters for the

decomposition

The SIL threshold enables you to remove the
spike trains with a short distance between the
spikes and the noise

The CQOV threshold enables you to remove
the spike trains with a high variability
between interspike intervals

The number of iterations enables you to
potentially increase the number of identified

motor units N

Training parameters

MVC Target

Duration training

N
o

()]
-t
(o]
g
210
=
©
(V)]
('

o
o

20 40
Time
SIL threshold

COV threshold
Nb Iterations

Start
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1. Set the parameters for the baseline

contraction. The target is automatically
updated.



1. Find the

decomposition file
and import it

~

3. Manually add
missing spikes or
remove falsely
identified artifacts

OnlineS12_2

Remove flagged MU and

y

MATLAB App

Training Edition Eerbg Manual edition

MU displayed # | Grid_1_MU_1 Remove outliers SIL = 0.92781

Select file

w
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Import data

) (@)
Cleaning

Discharge rate
N
(=]

(0]

—
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duplicates
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Time (s
Visualisation (s)

Add spikes Delete spikes Delete DR Reevaluate window

ot MU firing rates

Save the edition

Save

Pulse train
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9. If the spike train is unreliable, flag the motor unit
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2. Remove the

outliers
(low spikes associated
with discharge rates
above the averaged
discharge rate + 3
standard deviations)

4. Reevaluate the
spike trains



1. Import the edited motor unit

spike trains to update the
decomposition parameters Biofeedback Settings

\ Import MU filters

Force parameters

updated.
Duration ramp _
Duration plateau _

2. Set the parameters for the online
contractions. The target is automatically

Duration rest
Nb iterations
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1. Select the type of visual
feedback you want to provide

Type of biofeedbacks J

Start Raster Plot with MUs
Start Quadrant with CSTs
Start Quadrant with MUs

Start DR of all the MUs
2. Select the index

Sl of smoothing (i.e.,
number of

windows to
average)

Quality of the decomposition

3. At the end of each contraction,

visually check the quality of the
motor unit spike trains

MU x
MU 2

MU 1

Case scenarios

Raster plost

You identify all the motor units
from the grid #1, e.g., the TA,
and display the discharge times
to the participant

You identify one motor unit from
the grid #1 and one motor unit
from the grid #2. The cursor
move according to their
individual discharge rate

You identify all the motor units
from the grid #2, i.e., the VL, and
display their smoothed
discharge rates to the participant

4 )
I

N\ _J

Quadrant

4 )

o O

A

<
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N

N DR MU#1

Smoothed discharge rates
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FRAMEWORK FOR OFFLINE EMG DECOMPOSITION

EMG signals from all
the grids/arrays

|

[ Import data ]

)

1A. Load the file
with raw EMG

[ 1B. Format the file ]

Pre-process

EMG

2. Filtering of EMG
signals

3. EMG signal
extension

4. EMG signal
whitening

37

|dentification of
pulse trains

>[ Post processing ]

8. Save the pulse
trains above
thresholds

5. Fixed point
algorithm

6. Detection of

discharge times 9. Remove the

duplicates
7. Refinement of l
the separation
vectors Output file



EMG signals from all the
grids

1 |
)

INPUTS

EMG signals from all the grids
Force

|

[ Recording panel J

baseline noise

[ 1. Check the

J

noisy channels

[ 2. |dentify the

J

|

A mask for all the grids
A file with the raw EMG

OUTPUTS

A file with the EMG
decomposed

|

» Training panel

1. Remove force
offset

2. Measure the
MVC

3. Perform the
baseline
contraction

|

Separation vectors from the decomposition

Covariation matrix of the EMG signals for
each grid

Centroids for spikes classification

A file with the EMG decomposed

EMG signals from all the grids

Force

A file with the EMG decomposed

and edited

4 |

» Edition panel

1. Manually clean
the spike trains

2. Re-evaluate the
spike trains

3. Remove the
flagged unreliable
spike trains

|

A file with the EMG
decomposed and
cleaned

Bioefeedback
panel
1. Load the edited
file

2. Perform the
online task

3. Visually check
the quality of the
decomposition

|

A file with the EMG
decomposed, the

targets, and the raw
EMG and force data
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