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ABSTRACT

Conventional EMG sensor designs, typically fabricated using Ag/AgCl materials, often suffer from drawbacks, such as 
discomfort, limited reusability, and skin irritation. In contrast, textile-based electrodes are viable alternatives, offering 
enhanced comfort and durability. This paper presents an experimental evaluation and performance analysis of an 
8-channels nickel fabric sEMG sensor with three different dimensions. This study aims to assess how different materials
besides conventional silver electrodes, such as nickel fabric, and variations in the sensor’s dimensions affect the EMG
signal quality. Nickel was chosen because of its flexibility, durability, and superior conductivity. Sensors of varying
dimensions (1 cm × 1 cm, 2 cm × 1 cm, and 2 cm × 2 cm) were fabricated and tested on twenty-five participants. The
nickel fabric sEMG sensor was used to measure the muscle activity of an arm while performing certain movements. The
sensors’ signal amplitude and RMS values, compared to conventional Ag/AgCl electrodes, were the primary metrics
used to evaluate their performance. The results demonstrated that the sensor dimensions affected the quality of the
recorded EMG signals. All sensor dimensions showed very little variation compared to conventional electrodes, with
dimensions of 1 cm × 1 cm was closest to the Ag/AgCl electrode readings with average of 15% difference. Statistical
analysis showed 1 cm × 2 cm sensors consistently gives higher peak-to-peak and root mean square values compared to
conventional wet electrodes.
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INTRODUCTION

Electromyography (EMG) is pivotal in clinical and 
biological fields, aiding in diagnosis, prosthetics, and 
human-machine interfaces (Chowdhury et al. 2013; Yousif 
et al. 2019; Vidhya et al. 2023). EMG sensors measure 
muscle electrical activity through skin electrodes (Casson, 
2019; Song et al. 2019) every time the muscle contracted. 
In medicine, EMG diagnoses neuromuscular disorders, 
informs muscle and nerve evaluations, and aids in 
prosthetic and rehabilitation system development (Reaz et 
al. 2006a; Chowdhury et al. 2013; Roland et al. 2016). 
Nevertheless, existing EMG technologies encounter 
obstacles such as electrodes discomfort, limited durability, 
and problems with signal precision (Arquilla, Webb, & 
Anderson, 2020), hindering its application in clinical 
settings such as integration with prosthetics, etc. 
Commercial EMG sensors also require complex skin 

preparation, including gel application in every usage, 
leading to signal quality issues and skin irritation (Vidhya 
et al. 2023; Chi et al. 2019; Tseghai et al. 2021).

Textile-based electrodes offered improved comfort 
and durability, addressing issues like skin allergies and 
reusability. However, a research gap exists regarding 
8-channel nickel fabric-based EMG sensors, necessitating 
investigation into their design, analysis, and evaluation
across various dimensions. This research project aims to
prioritize comfort, wearability, and performance constraints 
of EMG sensors, incorporating data collection, signal
processing, and user evaluation while considering different 
electrode size. Based on the study, developing wearable,
fabric-based EMG sensor has advantages over conventional 
adhesive electrodes. Textile electrodes, like conductive
fabric, offer flexibility, comfort, and adjustable positioning.
A 2020 study found fabric electrodes can be adjusted for
a custom fit, enhancing comfort during long-term
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monitoring (Arquilla, Webb & Anderson, 2020). They are 
also cost-effective, reusable, and durable compared to 
traditional wet electrodes, lasting through frequent washing 
and use (Zhai et al. 2014). 

Since the main objective for this project is analyzing 
the signal quality, factors that affected the signal quality 
must also be mitigate. Identifying and eliminating factors 
that compromise EMG signal quality is crucial for 
obtaining accurate data. Key elements include electrical 
interference, motion artifacts, and baseline drifting. 
Electrical interference, such as electromagnetic interference 
(EMI) from nearby electronic devices, can also be a reason 
that affect the signal quality (Strzecha et al. 2021). Motion 
artifacts, caused by sensor-skin movement, can lead to 
inaccuracies, and require noise removal techniques like 
filtering and wavelet transform (Fratini et al. 2009; Schlink, 
Nordin, & Ferris, 2020). Baseline drifting, characterized 
by low-frequency noise, can be lessen by using a high-pass 
filter (Zivanovic & González-Izal, 2013). Correction 

methods like subtracting moving averages help maintain 
accuracy in muscle activity measurement (Boyer et al. 
2023). Table 1 summarizes comparison from several 
research studies on types of textile-based electrodes in 
electromyography (EMG).

Each study investigates among other things, electrode’s 
material, sizes, number of channels used, and its filter 
frequency range. They explore applications like prosthetic 
control and muscle fatigue monitoring, testing electrode 
performance and usability. However, limitations include 
neglecting comfort and performance in high-intensity 
activities. 

Addressing this gap, this project develops and 
evaluates 8-channel surface EMG (sEMG) sensors using 
nickel fabric-based electrodes. It assesses EMG signal 
recording, compares performance with commercial 
circuits, and studies the impact of the electrode’s size on 
the signal acquisition.

TABLE 1. Comparison of Different sEMG material properties

No Author Type of material Dimension, 
mm Channels Filter Range, 

Hz

1 Li et al. (2011) Copper based nickel-plated
fabric electrode 2 × 14 8 5 – 500

2 Lee, Sung & Choi (2020) Pure silver-plated nylon fabric
electrode 12 ×12 16 8 – 200

3 Ozturk, Golparvar &
Yapici (2021)

Fabricated graphene textile based
electrode 15 × 15 - 60 – 300

4 Arruda et al. (2020) Conductive knitted fabric with
silver plating 300 × 120 × 85 1 10 – 450

5 Ozturk, Golparvar &
Yapici (2021)

Graphene textile-based
electrode N/A 1 10 – 500

6 Lee et al. (2018) Silver-plated knitted 12 × 12 16 n/a

7 Kim et al. (2020) Silver and carbon paste 5 × 25 1 20 – 500

8 A. Shaftis et al. (2016) Stainless steel 200 (⌀) 2 20 – 410

9 Etana et al. (2023) Silver-plated-polyamide-
embroidered cotton 20 × 20 6 20 – 500

SEMG offers two electrode configurations: monopolar 
and bipolar. Each has unique advantages and disadvantages 
(Mohr et al. 2018). In monopolar setups, a single electrode 
is placed on the muscle, while a reference electrode is 
elsewhere on the body, suitable for overall muscle activity 
recording. However, monopolar setups are prone to 
interference and signal attenuation (Beck et al. 2007). 
Bipolar configurations, as depicted by (Jali et al. 2014), 
involve two electrodes near the muscle, providing localized 
recordings with improved noise resilience. Despite 
requiring precise placement, bipolar setups offer better 
spatial resolution. 

Understanding muscle engagement in different 
movements is crucial for accurate EMG signal detection. 
Activities like grabbing and wrist movements involve the 
Flexor Digitorum Profundus (FDP) and Flexor Pollicis 
Longus (FPL) muscles (Vladimir 2014). Similarly, biceps 
flexion and triceps extension exercises, target the Biceps 
Brachii and Triceps Brachii muscles (Gregory 2023). 
Proper electrode placement is vital for quality signal 
detection, with the reference electrode on the anterior 
superior iliac spine and the sensor positioned between 
motor points or between a motor point and tendon 
insertion along the muscles.
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METHODOLOGY

TEST SUBJECT

25 participants, aged between 18 to 55 years old, 
volunteered to take part in this experiment. The data 
acquisition process involves participants from different 
age groups, body size, weight, and gender to ensure 
comprehensive analysis on the electrode’s performance 
across different parameters. The EMG signals will be 

recorded during contracting muscles allowing for the 
comparison of signal quality, sensitivity, and performance 
between the nickel fabric-based electrodes and the 
conventional Ag/AgCl electrodes.

Three sizes of nickel fabric textile electrodes (1cm  x 
1 cm, 2 cm x1 cm, and 2 cm x 2 cm) will be used to acquire 
the EMG signals as in Figure 1. Velcro-based design offers 
adjustable fit, flexibility, and sustainability compared to 
conventional Ag/AgCl electrodes. Its soft and flexible 
structure enhances comfort and reduces skin irritation for 
long- term use.

FIGURE 1. Nickel Fabric Electrodes
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SIGNAL ACQUISITION 

Nickel fabric electrodes were placed on the skin to record 
muscle activity. The signals from each channel undergo 
signal conditioning to address noise, captured during 
acquisition. Amplification on the signals is conducted on 
ADS1299 with a built-in Programmable Gain Amplifier 
(PGA) and signals were then digitized for display and 
storage in a computer. A bandpass filter with a low cutoff 
at 20 Hz and a high cutoff at 500 Hz was applied along 
with 1 kHz sampling rate to attenuate noise and extract 
essential information from the EMG signals.

EXPERIMENT SETUP

Figure 2 shows the sensor placement on the participant for 
the experiments conducted, which consist of 3 different 
muscle activities, employing the bipolar electrode 
configuration. 

Table 2 indicates the muscle activities conducted on 
the participants. All three experiments were repeated using 
3 different sizes of nickel fabric sensors and conventional 
Ag/AgCl electrode as reference. In total, 12 experiments 

were conducted on each participant, all 3 experiments were 
repeated with 4 different types of electrodes. During the 
experiment, it is essential to eliminate skin impedance and 
electrical interference to obtain accurate signal output. 
Thus, it is important to check participant’s skin condition 
before conducting the experiment and  placing electrical 
equipment that can cause signal interruption away from 
the test bench.

TABLE 2. Muscle Activities
Ex Muscle Group Exercise Remarks

1

Flexor
Digitorum
Profundus 

(FDP)

Squeezing 
Rubber 
Exercise 

Ball

Grabbing and wrist 
movements involve 

shared muscles: 
FDP and FPL 

(Vladimir et al. 
2014)

Flexor Pollicis
Longus (FPL)

2 Biceps Biceps 
Curl

The biceps flexion 
and triceps 

extension primarily 
target the biceps 

brachii muscle and 
the triceps muscle 

(Gregory et al. 
2023)

3 Triceps Triceps 
Extension

Stress 
Ball

8 
channel 

ADS1299

Flexor Pollicis 
Longus 

Flexor 
Digitorum 
Profundus

Monitor

Nickel Fabric 
Electrode Tricpes

Biceps

8 
channel 

ADS1299

Monitor

Nickel Fabric 
Electrode

Experiment 1 Experiment 2 Experiment 3

FIGURE 2. Sensor placement on test subject

SIGNAL PROCESSING

The recorded signals, obtained under isometric conditions 
during contraction and relaxation cycles of the muscles, 
undergone thorough processing and analysis. This includes 
preprocessing steps such as noise removal, baseline 

correction, and artifact removal to enhance signal quality 
and fidelity. 

Time domain analysis was done to extract features 
such as signal amplitude, voltage mean, and Root Mean 
Square (RMS) value, providing insights into muscle 
activation levels and characteristics. Frequency domain 
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analysis, such as Fast Fourier Transform (FFT) and Power 
Spectral Density (PSD), was utilized to examine the 
frequency content of the signals. This allows for detection 
of frequency components and spectral characteristics of 
muscle activity, aiding in the assessment of muscle fatigue 
and motor unit recruitment patterns.

Offset compensation and filtering are essential steps 
in signal processing to minimize noise and artifacts and 
improve the accuracy of signal measurement. Offset 
compensation involves correcting any baseline shifts or 
DC offsets present in the recorded signals. This to ensure 
the signals are properly centered around zero and eliminates 
any bias that may affect subsequent analysis. In addition, 
filtering methods were used to eliminate unwanted noise 
and interference in the signals. This includes a bandpass 
filter that reduce noise which fall outside the frequency 
range needed. 

The signal processing process were done on the raw 
data collected from all 4 types of electrodes recorded from 
the ADS1299. Data extracted were then converted into 
compatible form in Excel to be processed and analyzed 
using MATLAB Signal Analyzer tool. The Signal Analyzer 

application in MATLAB is a powerful tool for visualizing 
and analyzing signals in both time and frequency domains. 
It also provides a user-friendly interface for performing 
various signal processing tasks.

RESULTS AND DISCUSSION

Main observation from the experiment was to observe the 
correlation between the output from the different size nickel 
fabric sensors with the conventional Ag/AgCl sensor, 
focusing on different muscle group and activities. 
Comparison was done between the output (focusing of 
peak-to-peak output voltage and RMS value) from all 4 
types of sensors, with the Ag/AgCl sensor as benchmark. 
As a sample results, output from Triceps muscle for all 
tested sensors will be presented and discussed.

Figure 3 shows the comparison for all 4 types of 
electrodes measurement on Triceps muscle during alternate 
contraction and relaxation. Based on waveforms captured, 
it can be observed that not many differences can be pointed 
out from all the results. 

FIGURE 3. Time domain and Frequency response output for Triceps muscle (a) Ag/AgCl electrodes (b) Nickel fabric [1cm × 1cm] 
(c) Nickel fabric [2cm × 1cm] (d) Nickel fabric [2cm × 2cm]

Table 3 (a – d) shows the performance comparisons 
based on peak-to-peak (PTP) and RMS values of the 
different sensors with respect to the different muscles 
numerically. Table 4 on the other hand, shows the summary 

differences of Peak-to-peak and RMS values (in percentage) 
for all the Nickel fabric sensors tested compared to 
conventional Ag/AgCl electrode, based on respective 
muscle. From Table 4 and 5, it can be observed that 1 cm 
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× 1 cm Nickel fabric sensor shows the lowest average 
percentage difference at 15% for both PTP and RMS 
values. 2 cm × 1 cm sensor shows the highest difference 
at 21.1% and 24.3% respectively for PTP and RMS, while 
the 2 cm × 2 cm sensor has PTP and RMS percentage 
differences of 15.9% and 17.3% respectively. It can also 
be observed from the table that the signals from the FPL 
muscle consistently show the highest difference when 
compared to the conventional electrode for all sizes of the 
Nickel fabric sensor.

Figure 4 displays the raw EMG signals before and 
after offset compensation. It can be seen that after the offset 
compensation were performed, all four signals from the 
sensors we fitted to concentrate at point zero. 

The compensated data then were used to display the 
Power Spectrum Density of the signals. The PSD plot 
before and after filtering can be observed in Figure 5. The 
output of the PSD after filtering shows the signals were 
captured between the bandpass filter cutoff frequency 
which lies between 50 Hz and 150 Hz. 

TABLE 3 (a). Electrode Performance Comparison (for Triceps)
Muscle Triceps

Electrodes Ag/AgCl Nickel 1x1 Nickel 2x1 Nickel 2x2
(PTP) 520.4 456.3 572.1 553.7

Differences (%) - -12.3 +10.0 +6.4
(RMS) 29.8 29.0 32.3 28.33467

Differences (%) - -2.7 +8.2 -5.0

TABLE 3 (b). Electrode Performance Comparison (for Biceps)
Muscle Triceps

Electrodes Ag/AgCl Nickel 1x1 Nickel 2x1 Nickel 2x2

(PTP) 542 579.6 644.2 563
Differences (%) - +6.9 +18.8 +3.8

(RMS) 42.2 36.4 30.6 33
Differences (%) - -13.7 -27.4 -21.7

TABLE 3 (c). Electrode Performance Comparison (for FDP)
Muscle Triceps

Electrodes Ag/AgCl Nickel 1x1 Nickel 2x1 Nickel 2x2
(PTP) 349.7 281.8 366.3 290.5

Differences (%) - -19.5 +4.7 -16.9
(RMS) 20.6 22.8 27.0 22.3

Differences (%) - +10.7 +30.6 +8.3

TABLE 3 (d). Electrode Performance Comparison (for FPL)
Muscle Triceps

Electrodes Ag/AgCl Nickel 1x1 Nickel 2x1 Nickel 2x2
(PTP) 344.5 418.1 520.1 470.4

Differences (%) - +21.4 +50.9 +36.5
(RMS) 21.9 29.5 28.7 29.4

Differences (%) - +34.2 +31.1 +34.2

TABLE 4. Average Percentage Differences (Peak-to-Peak PTP) for Different Sizes of Nickel Fabric Sensor when compared to 
Conventional Ag/AgCl Electrode
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TABLE 5. Average Percentage Differences (Root Mean Square RMS) for Different Sizes of Nickel Fabric Sensor when compared 
to Conventional Ag/AgCl Electrode

FIGURE 4. Raw EMG signals for Triceps (a) before and (b) after offset compensation

FIGURE 5. EMG signals for Triceps in PSD  (a) before and (b) after filtering

A comprehensive analysis is presented, with the 
graphical representation of average values derived from 
data collected across all experiments involving 25 test 
subjects. These average value comparison offers a clear 
overview of the observed trends and variations in muscle 
activity across different electrode types and experimental 
conditions. Furthermore, it also extends further 
understanding of the differences between the Peak-to-Peak 
amplitude and Root Mean Square (RMS) value recorded 
using Ag/AgCl electrodes versus Nickel Fabric electrodes.

The plot in Figure 6 and Figure 7 serve as valuable 
tools for pin pointing any significant differences in muscle 
signal detection efficacy between the electrodes, enabling 
a thorough assessment of their performance characteristics. 
Based on the result, it can be observed on average, signals 

recorded from the nickel fabric electrodes do not vary or 
show significant difference to the conventional electrodes. 

Nonetheless, different sizes of nickel electrodes did 
show slight variations compared to each other in capturing 
the EMG signals. The 2 cm × 1 cm nickel  electrodes gives 
the highest EMG signal readings as observed from the plots 
in terms of average Peak to Peak and average Root Mean 
Square value. It consistently displayed the greatest PTP 
and RMS value compared to the other two electrodes size 
while the 1 cm × 1 cm electrode gives the least variation 
from the conventional Ag/AgCl electrodes.

From another perspective, the result of the mentioned 
electrode was consistent throughout different muscle 
groups measurement. The signals captured from Triceps 
produced an output closest to the reference electrode (Ag/
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AgCl) while the Flexor Pollicis Longus muscle give out 
signals with highest variation with average of 35% 
difference from the conventional electrodes.

There are still drawbacks to fabric-based nickel 
electrodes. These electrodes can be categorized as dry 
electrodes, while conventional Ag/AgCl electrodes as wet 
electrodes since it required the application of adhesives 
during signal acquisition. Therefore, the performance of 

signal recording by the nickel fabric-based electrode is 
easier to be affected by factors jeopardizing the signal 
quality such as motion artifact, electrical interferences, and 
skin impedance compared to the adhesive type of electrode. 
Subsequently, a strong and powerful signal processing 
action must be applied to enhance the signal recorded from 
the nickel fabric-based electrodes. 

FIGURE 6. Comparison of average Peak-to-Peak value between the electrodes for different sizes and muscle activities

FIGURE 7. Comparison of average RMS value between the electrodes for different sizes and muscle activities
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CONCLUSION

In conclusion, the objectives of the project are achieved. 
Based on the results of analysis, several key points can be 
concluded. First, the EMG signals captured using the 
Nickel fabric sensors showed insignificant differences 
compared to conventional Ag/AgCl electrodes in terms of 
its Peak-to-Peak amplitude value and RMS values. Second, 
the 2 cm × 1 cm nickel fabric electrodes constantly showing 
the best performance from different muscle groups 
compared to the other nickel fabric sensor size. This is 
proven by the statistic value between sizes and material of 
Peak-to-Peak (PTP) and Root Mean Square (RMS) values 
which consistently indicating stronger signal acquisition 
and comparable EMG compared to conventional electrodes 
The result also shows that the bandpass filtering effectively 
removes unwanted noise from the raw EMG signals and 
focuses on important information within the frequency 
range of 50 to 150 Hz while attenuating noise outside this 
range. Although Nickel fabric electrodes have the issue of 
motion artifacts and skin impedance, by applying robust 
signal processing techniques and proper sensor set up, these 
obstacles can be overcome.
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