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This webinar is  oriented to non-engineers and clinical operators.
It is based on the first two Tutorials published in the  Journal of 
Electromyography and Kinesiology and concerning surface EMG.

Introduction

R Merletti, LISiN, Politecnico di Torino, Italy.  10 min

Surface EMG detection in space and time: best practices

S. Muceli,  Chalmers University of Technology, Sweden.  30 min +10 min. disc.

EMG detection, conditioning and pre-processing: best practices

GL Cerone, LISiN, Politecnico di Torino. 30 min +10 min. disc.

Surface EMG detection in space and time, 

conditioning and pre-processing

Tuesday, July 20, 2021,  1:00pm- UTC 
(Coordinated Universal Time)

1/9



In the last few decades great developments have taken place in the

sEMG field.

They concern signal processing and information extraction about

the muscle drive, muscle coordination, electrodes, signal detection

and conditioning, etc.

Greater efforts in technology transfer, teaching, and user education

are necessary and are under way in most countries. They are aimed

to movement and sport scientists, rehabilitation clinicians, and

ergonomists.
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Recent international initiatives in the educational field:

1. Project COMES (2016-2021):  

Movement control and non-invasive electromyography: development of models and web clinical teaching tools.  

Teaching material available in https://www.robertomerletti.it/en/emg/material/teaching/ , Torino, Italy. 

10 teaching modules, over 500 slides. Free access and download.

2. Tutorials published in the J. of Electrom. and Kinesology (2018-….):

a) Merletti R., Muceli S., Tutorial. Surface EMG detection in space and time: best practices. Journ. of 

Electromyogr. and Kinesiol., 2019; 49:  doi.org/10.1016/j.jelekin.2019.102363 (open access)

b) Merletti R., Cerone G.L. Tutorial. Surface EMG detection, conditioning and pre-processing: best  practices,

Journ. of Electromyogr. and Kinesiol., 2020; 54 102440, doi:10.1016/j.jelekin.2020.102440

3. Consensus for Experimental Design in Electromyography: CEDE Project:

Consensus for Experimental Design in Electromyography (CEDE). 

A series of consensus papers have been published on the JEK.

4. Fontiers Editorial Project and Open e-Book  (2019-2021):

“Surface Electromyography: Barriers limiting widespread use of sEMG in clinical assessment and 

neurorehabilitation.” https://www.frontiersin.org/research-topics/11157 Over 44000 visits and 9000 downloads.
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A starting point in 2016 : The COMES Project.

An on-line teaching initiative 

promoted by Politecnico di 

Torino, Italian Association of 

Physiotherapists, Italian 

Physiotherapy Society,

Northwestern University, 

University of Birmingham.

Prof. R. Merletti

Dr. V. Devecchi (physiotherapist)

Dr. K. Leskaj (physiotherapist)

Dr. R. Panero (physiotherapist)

Dr. A. Anselmino (physiotherapist)
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The material is aimed to 

non-engineers, is free, in 

English and Italian,

and consists of over 500 

slides with  many movies 

and animations.

https://www.robertomerletti.it

/en/emg/material/teaching/
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Over 500 slides and movies aimed at life 

scientists, teachers, and clinical operators.  

Addition of a narrating voice (Italian 

version) is under way.

The final report and the teaching 

material resulting from the 

COMES Project are freely 

available to anybody under 

Creative Commons Licence.

Bilingual (Italian and English) teaching material freely 

usable and downloadable from:  

https://www.robertomerletti.it/en/emg/material/teaching/
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https://doi.org/10.1016/j.jelekin.2019.102363

First two tutorials for non-engineers.  JEK 2019 and 2020.

Other tutorials are in preparation.
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https://doi.org/10.1016/j.jelekin.2020.102440
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Consensus for Experimental Design in Electromyography  (CEDE). 

Four other CEDE papers are accepted or in preparation.
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Fontiers Editorial  Project and Open e-Book:

“Surface Electromyography: 

Barriers limiting widespread use of sEMG in 

clinical assessment and neurorehabilitation.”

The book, as well as the individual contributions, 

are freely available from:

https://www.frontiersin.org/research-topics/11157

More than 45000 individual visitors and 8000 downloads 

worldwide (July 10 2021) from many countries:

USA:           8600 views

China:        6000 views

Italy:           3700 views

Germany:   2200 views

Ireland:      1500 views

and many others.

Thank you for 

your attention

18 contributions from 80 authors.
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Tutorial. Surface EMG detection in space and time: Best practices - ScienceDirect

https://doi.org/10.1016/j.jelekin.2019.102363 (open access)

https://www.sciencedirect.com/science/article/pii/S1050641119302536
https://doi.org/10.1016/j.jelekin.2019.102363


Outline

• EMG signal generation

• Propagation in time and space

• Detection systems

• The EMG image

• Electrode size

• Electrode configuration

• Electrode position

• Crosstalk

• Best practice



Motor unit

50 µm 

Hamstreet & Muceli, submitted Muceli et al, J Neural Eng, 2019

Neuromuscular junction (NMJ)



Motor unit

50 µm 

Hamstreet & Muceli, submitted Muceli et al, J Neural Eng, 2019

Motor unit 1

Motor unit 2

Motor unit 3

Neuromuscular junction (NMJ)



Motor unit

Hamstreet & Muceli, submitted Enoka, J Clin Neurophysiol, 1995 

Motor unit 1

Motor unit 2

Motor unit 3



Surface EMG generation
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Motor unit electrical activity

Axon

motoneuron

Schwan cells and
Ranvier nodes

Muscle fibers

Inputs from 
other neurons

0

- 70

Action potential
(90-100 mVpp)

1 ms o 4 mm

Depolarized region

4 m/s = 4 mm/ms4 m/s = 4 mm/ms
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Detection systems

Bipolar electrodes

Electrode array Electrode grid

• sEMG timing

• Envelope

• Amplitude

• Spectral variables

• Optimal electrode position

• Innervation zone

• Fiber length

• EMG map

• Active regions

• Centroid
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Sampling in time and space
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Sampling in time and space

Sampling in space,    
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Interelectrode distance
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The EMG image

b)  Monopolar detection

c) Differential or bipolar detection

d) RMS 

images at

a) electrode grid

electrode applied to the skin surface
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EMG features

• Electrode size

• Electrode configuration

• Electrode position



Electrode size

x

V d

see Merletti & Muceli, JEK Tutorial, Fig. 12

• Potential: average of the potential on the 

surface under the electrode

• Average = low-pass filter

• Large electrode reduce high-frequency 

components
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Electrode configuration
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Electrode configuration
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Electrode configuration

IZ

10 ms1.00 a.u. 1.08 a.u.

a) Monopolar b) Single differential

+_
+_

+_

• Applications (Single differential)

• Correct positioning of bipolar electrodes 

between the IZ and the tendon junction

• Conduction velocity estimation

• Targeted injection of botulinum toxin

• Programming surgery to avoid damage to 

muscle innervation

End of fiber



Electrode configuration
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End of fiber effect
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Electrode configuration

1.00 a.u.
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10 ms1.00 a.u. 1.08 a.u. 2.16 a.u. 2 ms

a) Monopolar b) Single differential c) Double differential
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d) Zoomed monopolar

IED = 10 mm

Conduction 
velocity = 4 m/sRef.

TS = 0 mm; TS = 5 mm; TS = 10 mm; TS = 15 mm; TS: tendon spread

Merletti & Muceli, JEK Tutorial, Fig. 4

Fiber depth: 

4 mm



Electrode configuration

IZ

a) Monopolar b) Single differential c) Double differential

+_
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+_

d) Zoomed monopolar

IED = 10 mm

Conduction 
velocity = 4 m/sRef.

TS = 0 mm; TS = 5 mm; TS = 10 mm; TS = 15 mm; TS: tendon spread

0.041 a.u. 2 ms10 ms0.041 a.u. 0.016 a.u. 0.006 a.u.

Merletti & Muceli, JEK Tutorial, Fig. 5

Fiber depth: 

22 mm



Travelling and non travelling components

travelling component non-travelling component

0                 100                200             300               400               500                600              700 Time (ms)

SD detection on one side of the IZ .
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Crosstalk
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Electrode arrays transversal to the fiber direction

Limb cross-sections

mopol. recording       longitudinal SD recording

Roeleveld et al, Acta Physiol Scand, 1997

superficial MU

deep MU    

SD recordings are more selective



The EMG image
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The EMG image
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The EMG image
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Image interpolation in space

Merletti & Muceli, JEK Tutorial, Fig. 15
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Pain-related changes in muscle activation

Falla & Gallina, J Electromyogr Kinesiol, 2020

Asymptomatic Neck pain



Applications in ergonomics

Campanini et al, Front Neurol, 2020



Best practice

• The proper detection technique depends on the application

• Single channel (to detect sEMG timing, envelope, amplitude and spectral 

variables)

• Multiple single channel detection systems on different muscles

• Few channels on the same muscle (such as two SD or DD channels to 

estimate muscle fiber conduction velocity),

• Linear electrode arrays (to identify the innervation zone and its shifts with 

movement, fiber length, muscle fiber conduction velocity, optimal position of 

a single electrode pair)

• Many channels from an electrode grid (to document compartmentalization of 

activity, to localize reflex activity, to identify a region of activity, its extension, 

centroid, etc).

• Electrode systems (size, inter-electrode distance) determine features of EMG 

signals in time and space. Must be reported!



Thank you for your attention

Silvia Muceli

muceli@chalmers.se
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Gothenburg, Sweden

My work is financed by the Life Science Engineering Area of Advance at Chalmers

and by the European Union’s Horizon 2020 research and innovation program

under the Marie Sklodowska-Curie grant agreement No 846679 (INFANTPATTERNS).
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OUTLINE

Introduction and Aim

Block diagram of a sEMG acquisition system

Common technical issues

Conclusions

Best practices
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INTRODUCTION AND AIM
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INTRODUCTION: DETECTION OF HIGH-QUALITY SIGNALS

Q: Why is it important?

1 s

2 mV

Raw sEMG signal

sEMG envelope (10 Hz)
“Clean” sEMG

PLI-corrupted sEMG

Collecting high quality sEMG signals is always

preferable because:

• It is difficult and not always possible (e.g. for real time 

applications) to ‘’clean’’ sEMG signals

• The quality of information extracted from raw sEMG 

signals may be affected by noise and interference

• Once sEMG signals have been processed, information 

on the quality of raw data may be lost→it may be difficult

to explain unexpected results

These facts are particularly relevant when a large

amount of information is collected (HD-sEMG) signals

mailto:glc.cerone@gmail.com
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HD-sEMG

High-Density EMG is a powerful 

technique allowing to

• Evaluate spatio-temporal distribution 

of muscle activity and its changes in 

time

• Investigate peripheral and central 

properties of the neuromuscular 

system

EMG
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• Disease/treatment assessment

• Ergonomics

• Musculo-skeletal models

• Biofeedback

• Prosthesis control

• Human-Computer Interactions

Some application fields are:

[Merletti, Holobar, and Farina, JEK, 2008]
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THIS PRESENTATION IS AIMED TO….

• Describe the basic functioning of a sEMG acquisition system

• Describe common technical issues related to the sEMG acquisition

• Provide a basic technical background on sEMG acquisition devices

• Contribute to mold a technical background and a common 

language shared between engineers and clinicians

Technical aspects are treated in a simplified way

A Q&A presentation format is used
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TECHNOLOGICAL STATE OF THE ART EVOLUTION

grid of sEMG electrodes bipolar sEMG electrodesEMG Acquisition System Electrode Connector

Portable SystemsDesktop Systems

‘90 - today 2010 - today

Modular and 

Wearable Systems

today
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TECHNOLOGICAL STATE OF THE ART

a)

Throughout this presentation we will address the 
motivations beyond this technological evolution and some 

of the open challenges that still need the operator’s 
attention and research work 

[Floyd and Silver. J. Anat, 1950] [Tutorial, Merletti and Cerone, JEK, 2020]

mailto:glc.cerone@gmail.com
mailto:giacintoluigi.cerone@polito.it


9

Ing. Giacinto Luigi Cerone, PhD

LISiN – Politecnico di Torino

glc.cerone@gmail.com

giacintoluigi.cerone@polito.it
© 2021 Giacinto Luigi Cerone. 

All rights reserved.

BLOCK DIAGRAM OF A sEMG
ACQUISITION SYSTEM
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Detection

system

Transmission to 

PC

(Wireless, Wired)

𝐴
00101101,  

00111111,  

01000011…

N bit

Digital Acquisition 

& Storage

sEMG 

electrodes

Reference electrode

Amplification

& Conditioning
Sampling

& A/D conversion

Electrode-skin interface

Amp.

Conditioning

sEMG ACQUISITION SYSTEM: BLOCK DIAGRAM

Skin
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sEMG ACQUISITION SYSTEM: THE ELECTRODE

Dry Electrode arrays with silver bars

Adhesive arrays with Gel

(OT Bioelettronica, Spes Medica)

Dry bar electrodes (Delsys) Bipolar pre-gelled electrodes

(Covidien)

Adhesive grid

(with conductive paste)

Dry, wearable grid
B

ip
o

la
r

el
ec

tr
o

d
es

A
rr

ay
 o

f 
el

ec
tr

o
d

es

[Cerone et al. IEEE TNSRE 2021]
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sEMG DETECTION: THE ELECTRODE-SKIN INTERFACE

Q: What is the electrode function?

The electrode acts as an ionic transducer. It transduces ionic exchanges at the electrode-skin interface (due to the

depolarization of the muscle fibers) into electric, measurable, potentials.

Q: Why the electrode-skin interface is important?

It is important to understand the properties of the electrode-skin interface because it represents the interface between

the physiological system and the acquisition device → it influences the quality of the collected signals in terms of SNR,

interference, and noise.

Interface

Ag/AgCl

Electrode

Electrolyte

I

𝒆− 𝒆− 𝒆− 𝒆− 𝒆− 𝒆−

Cations

(e.g. 𝑨𝒈++, 𝑵𝒂+ )

Anions (e.g. 𝑪𝒍− )

𝑉𝐸𝑀𝐺

Piezoelectric transducer (microphone) Ionic transducer (electrode)
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sEMG DETECTION: THE ELECTRODE-SKIN INTERFACE

Q: What are the most important electrode properties?

• Material

• Non-polarizable materials (e.g. Ag, Ag/Cl) → relatively low electrode skin 

impedance (tens of kΩ per 𝑐𝑚2)

• Polarizable materials (e.g. gold) → higher electrode impedance (several MΩ

per 𝑐𝑚2)

• Size

• The bigger is the size, the lower is the electrode impedance (less problems 

related to PLI, noise etc.)

• The bigger is the size, the bigger is the IED and the detection volume

• Average effect on the collected sEMG signals

• Biocompatibility

• they shall not induce adverse events (e.g. allergic reactions, skin irritation etc.)

• Type of support and interaction medium: Dry (no medium), Gelled, Conductive 

paste, textile support, adhesive support etc.
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sEMG DETECTION: THE ELECTRODE-SKIN INTERFACE

Q: How can we characterize the electrode-skin interface?

• The electrode-skin interface is characterized in terms of electrical 

impedance, expressed in Ohms (Ω)

• It is possible to use:

• A lumped-parameters model (i.e. a model using equivalent 

electrical components). It can be very complex

• Experimental data collected by means of an impedance-meter

Usually, the tissue impedance 

can be neglected

L
u

m
p

e
d

-p
a

r
a

m
e

te
r
s
 m

o
d

e
l

Electrode-skin impedance
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sEMG AMPLIFICATION AND CONDITIONING

Q: Why amplifying and conditioning a biological signal?

sEMG signals characteristics:

• sEMG Amplitude: up to 2-3 𝑚𝑉𝑝𝑝
• sEMG bandwidth: 10 Hz – 500 Hz

Additive disturbances characteristics:

• Noise and interference amplitude (Vn): up to  some Volts

• Noise and interference bandwidth

• baseline shift due to movement artefacts – up to few Hertz

• Power line interference – 50 Hz/60Hz

𝑆𝑁𝑅 =
𝑉𝐸𝑀𝐺

𝑉𝑛
≈ 10−3 !!!

Actually, it is impossible to distinguish sEMG signals → It is needed to Amplify (𝑽𝑬𝑴𝑮) the

signal of interest and Reject the unwanted signals (𝑽𝒏)

1
 m

V

1 s

saturation
low frequency

oscillations

2 s 0
.5

 m
V

Hand close to power cable

Power Line (50 Hz) 

Interference

[Tutorial, Merletti and Cerone, JEK, 2020]

mailto:glc.cerone@gmail.com
mailto:giacintoluigi.cerone@polito.it


16

Ing. Giacinto Luigi Cerone, PhD

LISiN – Politecnico di Torino

glc.cerone@gmail.com

giacintoluigi.cerone@polito.it
© 2021 Giacinto Luigi Cerone. 

All rights reserved.

A differential amplifier allows to amplify the 

difference of the potentials collected at its inputs (A 

and B).

Q: What are the most important parameters of a 

biological signal amplifier?

• Ad – differential mode amplification – sEMG signals will be 

amplified by a factor of Ad.

• Zi – input impedance – it is the impedance that models the 

input stage of the differential amplifier. It “interacts” with the 

detection system

• CMRR (not discussed within this presentation)

sEMG AMPLIFICATION AND CONDITIONING

𝑍𝑖 𝑍𝑖

Vout

Ad

Front-end ref.

A

B
Vdiff

𝑉𝑂𝑢𝑡 = 𝑉𝑑𝑖𝑓𝑓 × 𝐴𝑑𝐸𝑀𝐺

𝑉𝑑𝑖𝑓𝑓 = 𝑉𝐴 − 𝑉𝐵

Simplified input-output model

𝐴

Amplification Conditioning
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sEMG AMPLIFICATION AND CONDITIONING

𝑍𝑖 𝑍𝑖

Vout

Ad

Front-end ref.

A

B

Vdiff
𝑉𝐸𝑀𝐺

𝑽𝑬𝑴𝑮 amplification: ideal case 𝑽𝒏 rejection: ideal case

𝑍𝑒1

𝑍𝑖 𝑍𝑖

Vout

Ad

Front-end ref.

A

B

Vdiff

𝑉𝑛

𝑉𝑂𝑢𝑡 = 𝑉𝑑𝑖𝑓𝑓 × 𝐴𝑑 = 𝑉𝐸𝑀𝐺 × 𝐴𝑑

𝑉𝑑𝑖𝑓𝑓 = 𝑉𝐴 − 𝑉𝐵 = 𝑉𝐸𝑀𝐺

𝑉𝑛 = 𝑉𝐴 = 𝑉𝐵

𝑉𝑂𝑢𝑡 = 𝑉𝑑𝑖𝑓𝑓 × 𝐴𝑑 = 0

𝑉𝑑𝑖𝑓𝑓 = 𝑉𝐴 − 𝑉𝐵 = 0
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sEMG AMPLIFICATION AND CONDITIONING

𝑍𝑒2

𝑍𝑒1

𝑍𝑖 𝑍𝑖

Vout

Ad

Front-end ref.

A

B

Vdiff
𝑉𝐸𝑀𝐺

𝑽𝑬𝑴𝑮 amplification: real case 𝑽𝒏 rejection: real case

𝑍𝑒2

𝑍𝑒1

𝑍𝑖 𝑍𝑖

Vout

Ad

Front-end ref.

A

B

Vdiff

𝑉𝑛

𝑉𝑂𝑢𝑡 = 𝑉𝑑𝑖𝑓𝑓 × 𝐴𝑑 = 𝑉𝐸𝑀𝐺 ×
𝑍𝑖

𝑍𝑖 + 𝑍𝑒
× 𝐴𝑑

𝑉𝑑𝑖𝑓𝑓 = 𝑉𝐴 − 𝑉𝐵 = 𝑉𝐸𝑀𝐺
𝑍𝑖

𝑍𝑖 + 𝑍𝑒

𝑉𝐴 = 𝑉𝑛
𝑍𝑖

𝑍𝑖 + 𝑍𝑒1

𝑉𝑂𝑢𝑡 = 𝑉𝑑𝑖𝑓𝑓 × 𝐴𝑑 = 𝑉𝑛
𝑍𝑒1−𝑍𝑒2

𝑍𝑖
× 𝐴𝑑𝑉𝑑𝑖𝑓𝑓 = 𝑉𝐴 − 𝑉𝐵 = 𝑉𝑛

𝑍𝑒1 − 𝑍𝑒2
𝑍𝑖

𝑉𝐵 = 𝑉𝑛
𝑍𝑖

𝑍𝑖 + 𝑍𝑒2

Lowering the electrode-skin impedance (𝑍𝑒), allows to

avoid attenuation of the input signal, increasing the SNR

Lowering the electrode-skin impedance ( 𝑍𝑒 ), allows

minimize effect of common mode signals (e.g. 50 Hz) at

the amplifier’s input
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sEMG AMPLIFICATION AND CONDITIONING

𝑍𝑒2

𝑍𝑒1

𝑍𝑖 𝑍𝑖

Vout

Ad

Front-end ref.

A

B

Vdiff
𝑉𝐸𝑀𝐺

𝑽𝑬𝑴𝑮 amplification: real case 𝑽𝒏 rejection: real case

𝑍𝑒2

𝑍𝑒1

𝑍𝑖 𝑍𝑖

Vout

Ad

Front-end ref.

A

B

Vdiff

𝑉𝑛

𝑉𝑂𝑢𝑡 = 𝑉𝑑𝑖𝑓𝑓 × 𝐴𝑑 = 𝑉𝐸𝑀𝐺 ×
𝑍𝑖

𝑍𝑖 + 𝑍𝑒
× 𝐴𝑑

𝑉𝑑𝑖𝑓𝑓 = 𝑉𝐴 − 𝑉𝐵 = 𝑉𝐸𝑀𝐺
𝑍𝑖

𝑍𝑖 + 𝑍𝑒

𝑉𝐴 = 𝑉𝑛
𝑍𝑖

𝑍𝑖 + 𝑍𝑒1

𝑉𝑂𝑢𝑡 = 𝑉𝑑𝑖𝑓𝑓 × 𝐴𝑑 = 𝑉𝑛
𝑍𝑒1−𝑍𝑒2

𝑍𝑖
× 𝐴𝑑𝑉𝑑𝑖𝑓𝑓 = 𝑉𝐴 − 𝑉𝐵 = 𝑉𝑛

𝑍𝑒1 − 𝑍𝑒2
𝑍𝑖

𝑉𝐵 = 𝑉𝑛
𝑍𝑖

𝑍𝑖 + 𝑍𝑒2

Lowering the electrode-skin impedance (𝑍𝑒), allows to

avoid attenuation of the input signal, increasing the SNR

Lowering the electrode-skin impedance ( 𝑍𝑒 ), allows

minimize effect of common mode signals (e.g. 50 Hz) at

the amplifier’s input

Take-home message: It is fundamental to lower |𝒁𝒆| by accurately preparing 
the electrode-skin interface
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sEMG bandwidth is between 10 Hz and 500 Hz 

there is no reason to acquire signals outside this

bandwidth, because they are certainly due to

disturbance (e.g. baseline shift due to movement

artefacts – few Hz) or noise/interference (e.g.

Neon lights interference – tens of kHz)

The bandwidth of the conditioning system is the most

important parameter and represents the range of frequencies

that are not attenuated by the conditioning circuits

sEMG AMPLIFICATION AND CONDITIONING

[www.robertomerletti.it, R.Merletti]

𝐴

Amplification Conditioning
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COMMON TECHNICAL ISSUES &

BEST PRACTICES
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sEMG ACQUISITION: POWER LINE INTERFERENCE

Capacitive coupling between the subject and the power line mains

𝑉𝑃𝐿
(220 𝑉𝑅𝑀𝑆)

ROOM 

Conductor

(Cu – Copper)

Insulator

𝐼𝑃𝐿

𝐶𝑝

Parasitic Capacitive 

coupling between the 

power supply mains and 

a subject 

AIR GAP 

PL Ground

Q: Why is it important to model such a coupling?

Q: How can we electrically model the coupling 

between the subject and power supply mains?
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sEMG ACQUISITION: POWER LINE INTERFERENCE

Capacitive coupling between the subject and the power line mains

𝑉𝑃𝐿
(220 𝑉𝑅𝑀𝑆)

ROOM 
𝐼𝑃𝐿

PL Ground

𝑉𝑃𝐿
(220 𝑉𝑅𝑀𝑆)

𝐶2
(5 − 500𝑝𝐹)

𝐶1
(0,5 − 5𝑝𝐹)

P

P

Vcm-sub

PL Ground
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sEMG ACQUISITION: POWER LINE INTERFERENCE

𝑍𝑒2

𝑍𝑒1

𝑍𝑟 𝑍𝑖 𝑍𝑖

𝐶𝑝

Vout

Ad

PL Ground Front-end ref.

𝑉𝑃𝐿
(220 𝑉𝑅𝑀𝑆)

𝐶2
(5 − 500𝑝𝐹)

A

B

C

Vdiff

𝐶1
(0,5 − 5𝑝𝐹)

Vcm

P

P

Using system having a floating reference w.r.t ground (e.g. battery powered wireless systems) helps reducing 𝑉𝐶𝑀, thus 

reducing PLI

[Tutorial, Merletti and Cerone, JEK, 2020]

Vcm-sub

𝑉𝑂𝑢𝑡 = 𝑉𝑑𝑖𝑓𝑓 × 𝐴𝑑 = 𝑉𝐶𝑀
|𝑍𝑒2−𝑍𝑒1|

𝑍𝑖
× 𝐴𝑑

Lowering 𝑉𝐶𝑀 contributes to decrease PLI!!!
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• Use large reference electrodes to lower 𝑉𝐶𝑀(not always 

possible due to system encumbrance)

• Lower |𝑍𝑒2 − 𝑍𝑒1| (electrode-skin impedances unbalance)

𝑉𝑂𝑢𝑡 = 𝑉𝐶𝑀
|𝑍𝑒2−𝑍𝑒1|

𝑍𝑖
× 𝐴𝑑

sEMG ACQUISITION: POWER LINE INTERFERENCE

If 𝑽𝑪𝑴 is still too high,

it is possible to

[Tutorial, Merletti and Cerone, JEK, 2020]

• Increase Zi and CMRR (high costs, increased encumbrance)
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sEMG ACQUISITION: THE EFFECT OF SKIN PREPARATION ON 𝒁𝒆
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Poor skin preparation Rubbing with abrasive paste

[Piervirgili et al., Phys. Meas., 2014]

[Adapted from Piervirgili et 
al., Phys. Meas., 2014]

mailto:glc.cerone@gmail.com
mailto:giacintoluigi.cerone@polito.it


27

Ing. Giacinto Luigi Cerone, PhD

LISiN – Politecnico di Torino

glc.cerone@gmail.com

giacintoluigi.cerone@polito.it
© 2021 Giacinto Luigi Cerone. 

All rights reserved.

sEMG ACQUISITION: THE EFFECT OF SKIN PREPARATION ON 𝒁𝒆
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N = 10

1 s

1 mV

Poor skin preparation Rubbing with abrasive paste

[Piervirgili et al., Phys. Meas., 2014]

[Adapted from Piervirgili et 
al., Phys. Meas., 2014]

Take-home message: It is fundamental to lower |𝑍𝑒2 − 𝑍𝑒1| by accurately preparing 
the electrode-skin interface (e.g. scrubbing the skin with abrasive paste)
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sEMG ACQUISITION: MOVEMENT ARTIFACTS

CAUSE

Changes in terms of 
skin thickness

PROBLEM SOLUTION

Skin-Electrodes 
Reciprocal movement

Triboelectric effect due 
to the reciprocal 

movement of wires 
inside cables

M1

Electrode-Skin Half-Cell 
Potential(HCP) Changes

Electrode-Skin 
Impedance Changes

Electrostatic charges 
distributed on the 

wires surface

Use of Adhesive 
electrodes

Electrode material 
(Low HCP) & setup 

preparation

Single wire cables or 
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[Xiangxin Li et al., JEK, 2016]

[Cerone et al., IEEE TBME, 2019]
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sEMG ACQUISITION: MOVEMENT ARTIFACTS
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[Tutorial, Merletti and Cerone, JEK, 2020]
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sEMG ACQUISITION: MOVEMENT ARTIFACTS

The effect of (avoiding) connecting cables

5 s1 mV

Counter-movement Push-off Flying Landing & Recovery

(b)

0,2 s

20 ms
CM PO+FL L+R

0,5 mV 0,2 mV

(a)

(c) (d)
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[Adapted from Cerone et al., IEEE TBME, 2019]
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sEMG ACQUISITION: MOVEMENT ARTIFACTS

The effect of (avoiding) connecting cables

5 s1 mV

Counter-movement Push-off Flying Landing & Recovery

(b)

0,2 s

20 ms
CM PO+FL L+R

0,5 mV 0,2 mV

(a)

(c) (d)

S
D
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ls

Col.1 Col.2 Col.3 Col.4 Col.5 Col.6 Col.7 Col.8

Take-home message: The use of wireless and miniaturized devices can 
greatly improve signals quality in terms of movement artifacts

[Adapted from Cerone et al., IEEE TBME, 2019]
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CONCLUSIONS
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CONCLUSIONS

• Explained why having a basic background on technical 

problems related to the sEMG detection may be useful

• Described the main blocks constituting a device for sEMG 

signals detection and acquisition

• Discussed the most important issues and related best 

practices used to collect high quality sEMG signals

This presentation
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