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Agenda

Motivations

Studies - how it all started...

A story about:

The bionic hand project
Comparative analysis of signals

The motivation behind the current research is to reduce stress and pain during muscle measurements.
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Agenda

Motivations

Studies - how it all started...

A story about:

The bionic hand project
Comparative analysis of signals

The motivation behind the current research is to reduce stress and pain during muscle measurements.
Current Research

Frequency analyses
Spectral properties of global (SEMG) and elementary (nEMG) signals

Smoothed amplitude spectra as a basis for comparing signal properties
Time-domain analysis (impulse response)

Future Work

Deepening pilot studies, verifying hypotheses using extended empirical data.
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Introduction to the Topic

Biology of the Studied Phenomenon |

prof. Piotr's Augustyniak lectures material

Piotr Wawryka (AGH)

Plytka

Motoneuron
nerwowo-migsniowa

Potencjaf czynnosciowy jednostki ruchowej

Widkno migsniowe

/ Suma
AN |
=/ ; ;
== { A ~———
==
Elektroda igtowa

Potencjaty wiokien Potencjat
mig$niowych czynnosciowy
jednostki ruchowej
Dr hab. inz. Andrzej P. Dobrowolski Biosygnatly

1-25/75
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Introduction to the Topic

Motoneuron Properties

prof. Piotr's Augustyniak lectures material

The motoneuron stimulates the motor unit. The duration of the

impulse exciting a single fiber is approximately 1 ms; due to
delays, it disperses to around 10 ms.

A motoneuron has between 4 and 4000 connections with
synapses.
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Introduction to the Topic

prof. Piotr's Augustyniak lectures material

Regulacja sity skurczu miesnia

» Liczba aktywnych jednostek ruchowych (ok. 80%).
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» Czestotliwo$é wyzwalania jednostek ruchowych (ok. 20%)

Dr hab. inz. Andrzej P. Dobrowolski Biosygnaly 1-27/75
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Part Il

Measuring (practice)
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Why do we measure?

Neuromuscular disorders are currently diagnosed using invasive
methods (needle EMG). Researchers are exploring applications where
surface measurement (surface EMG) could be sufficient, such as in
screening tests or early exclusion of chronic diseases, as in the case
of tetany. From a forward-looking perspective, EMG measurement

may also find applications in sports and rehabilitation.
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Measure section Hardware

EMG Laboratory

‘m\\& 4 I/?

Figure: Simultaneous global and elementary measurement
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Measure section Software

Equipment setup

[ sprzet
Wzmacniacz | Dodatkowe

Wszystkie kanaty | Kanat 1 | Kanat 2

Zakres sygnalu wejsciowego: | 15 mV -
Filtr dolnoprzepustowy (HPF): | 20 Hz =
Wyscka czestotliwosc (LPF): 5000 Hz -
Filtr sieciowy: Wiacz -
Typ filtra sieciowego: Rekurencyjny v
Wysckoharmoniczny filtr: Whacz - lz‘
Czestotliwosc probkowania: | 25000 Hz -

Pomiar impedangji
Prag zielony/zotty (kQ): 25

Prog zétty/ czerwony (kQ2): | 40

Ak Ak

Trig-in/Trig-out
Odwrécona polaryzacja trig-in

Odwrécona polaryzagja trig-out  Czas trwania: | 200 ps

Figure: Default settings
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Technical section

prof. Piotr's Augustyniak lectures material

Biology of the Studied Phenomenon |

Techniki elektromiograficzne

Sygnaty biomedyczne i metody ich rejestracji na przyktadzie
miesniowych sygnatéw elektrofizjologicznych

v’ Potencjat czynnosciowy jednostki ruchowej.
v’ Zapis prosty, posredni i interferencyjny.
v" Elektromiografia ilosciowa.
v’ Potencjat czynnosciowy jednostki miogennej i
neurogenne;j.
v" Techniki rejestraciji:
— Surface EMG,
— Needle EMG,
— Single Fiber EMG,
— Macro EMG,
— Scanning EMG.

Dr hab. inz. Andrzej P. Dobrowolski Biosygnaly 1-23/75
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Analytical theory
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Fourier’'s theorem

Frequency

Domain

y (nAt) = ap + Z

Tt Tt
[a,cos (— n) -+ bjsin (— n)]
— N N
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Frequency

Domain

The criterion of similarity

The basic criterion for the similarity of EMG signals measured in
different ways may be the compatibility of their Fourier amplitudal
spectra calculated taking into account different disturbing factors.
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The amplitude spectrum expresses the formula

A=,/az+b?
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The amplitude spectrum expresses the formula

Phase spectrum

A=,/az+b?

I

aij
¢(i) = arctag (—)
b.
is less important (it is random)
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Frequency Domain

As part of the master’s thesis, | conducted extensive analyzes of a
healthy patient, smoothed specters of many repetitions of the
same gesture for the same patient and many titles allowed to
develop a pattern as the arithmetic average of the spectra
obtained in individual experiments. The measurements were
carried out using the global method, which illustrates ...
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Frequency main

Centroids from all trainings (55) Intermediate(1:4) and Supinated grip(5:8)

Brachioradialis
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Smoothed normalized spectra by Max value [Hz]
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Frequency Domain

These experiments are currently supplemented with patterns of
patients with diseases, as you can see the dominant frequency is
50 Hz. So measurements are carried out using filtration around 50
Hz. This technique was further used for the spectral analysis of

simultaneous sEMG and nEMG signals, which are the subject of
intensive research.
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Frequency Domain

FIR class filters have been used.

The MTDbF filter has a linear phase characteristic.
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Part IV

Figures
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Synthesis

Note: The matching of the skin filter was carried out on the basis
of the initial fragment (up to 15 Hz). Regression func. of nEMG and
SsEMG measurements, in order to obtain information on the
combination of the sum of all extortion, a decomposition is
proposed. For the "U" differential signal on Ul and U2, the

decomposition was carried out, suggesting the method presented
in the engineering publication, by square programming method.

Piotr Wawryka (AGH)

Study on EMG dynamics

«4O0>» «F» «E» «E>»

April 15, 2025

ae
21/30


https://www.researchgate.net/publication/358676807_Analiza_sygnalow_elektromiograficznych_w_zastosowaniu_protetycznym

x1079

Synthesis

20—

idenGMNK: Wyniki identyfikacji G(:,2) wg [ul;u2]
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Synthesis

idenGMNK: Wyniki identyfikacji G(:,1) wg ulmp
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Synthesis

T T
| | — I |
8 10 12 14 16
Odpowiedzi impulsowe: srednia pelna G(t,ulmp)b“ i GN(t,uImp)k, dla skladowych GZN(t,ul)r iG
T T T T T T
0.02
0.01+
0 | |
2

1
4 6

8

12
Piotr Wawryka (AGH)

an(tu2)p,.

10 14
Odpowiedzi impulsowe srednia GN(t,uImp)k i srednia skladowych [GZN(t,u1)+GZN(t,u2)]/2r

Study on EMG dynamics

«O» «F>r «

>

4
April

2025

16

5

DA

24/30



Synthesis
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idenGMNK: Wyniki identyfikacji G(:,1) wg ulmp
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Fig. VIII
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Synthesis

Curiosity

Axis scales

Ostateczne nagranie 100kHz, filtry w#a#czone
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Synthesis Axis scales

Curiosity continuation

Neurosoft
21 lisOstateczne nagranie 100kHz, filtry witaifczone
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Single-Sided Amplitude Spectrum of:
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Thanks for your attention

psw@agh.edu.pl
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