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Abstract: This research paper recommends an electrode construction and integration technique for
dry silver-based textile electrodes capturing electromyographic (EMG) signals. Three integration
methods with two different conductive textiles were compared using two analysis methods; analysis
was also conducted before and after six washing cycles. Six wearable arm bands with each of the
design parameter combinations were worn on the biceps brachii muscle to capture EMG signals from
three users under a controlled task both before any washing of the bands occurred and after four
washing cycles were completed. Additionally, impedance measurements over six frequency bands
were recorded after each washing cycle. Textile electrodes made of Shieldex Techniktex P180B using
an extended electrode integration method were found to perform best.
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1. Introduction

Published design guidelines are not available for makers who want to use dry silver
textile electrodes for non-medical EMG applications within a human-computer interac-
tion context. This work focuses on design recommendations for silver fabric electrode
integration in wearable product design. The drawbacks of wet electrodes including user
discomfort, setup time and unsustainable limited reuse [1,2] further propel the need for
guidelines regarding the appropriate construction of dry electrodes. Furthermore, research
outputs rarely evaluate integration techniques, only stating the connection material but not
how the connection is made [3].

2. Materials and Methods
2.1. Fabric Construction Types

Silver fabric was chosen as the electrode material because of its good signal quality
across biopotential types [4]. Two commercially available silver fabrics were examined:
Shieldex Techniktex P130B and P180B.

2.2. Electrode Sizing and Placement

Electrodes were cut to 20 mm by 25 mm. SENIAM guidelines were followed for
electrode placement decisions [5]. Two main electrodes were situated parallel to the biceps
brachii muscle fibers with an inter electrode distance of 20 mm. For samples with extended
textile electrodes and sewn conductive thread, a reference electrode was placed 50 mm
away from the muscle. For samples with integrated direct snap fits, the reference electrode
position was constrained by the reach of the EMG sensor PCB.

Eng. Proc. 2023, 52, 21. https://doi.org/10.3390/engproc2023052021

https:/ /www.mdpi.com/journal/engproc


https://doi.org/10.3390/engproc2023052021
https://doi.org/10.3390/engproc2023052021
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/engproc
https://www.mdpi.com
https://orcid.org/0000-0001-6976-8024
https://doi.org/10.3390/engproc2023052021
https://www.mdpi.com/journal/engproc
https://www.mdpi.com/article/10.3390/engproc2023052021?type=check_update&version=1

Eng. Proc. 2023, 52, 21

2 0of 5

Skin Interface Side

Exterior

Unfiltered

Signal

Extended Electrode

—_

Normalised

2.3. Integration Techniques

Three integration types were considered: extending the electrode material to a snap fit,
sewing silver conductive thread to connect to a snap fit, and directly placing a snap fit on
the electrode. Six samples were created, covering all combinations of fabric and integration
types. Figure 1 shows how each integration technique is implemented into a stretchable
armband.

Conductive Silver Thread

Figure 1. Electrode integration techniques showing connection to snap fit within wearable armband.

2.4. Experimental Design

Each sample underwent six wash cycles at 40 °C and open-air drying [6]. EMG data
were collected twice, once pre-wash and once after four wash cycles. Electrode contact
impedance data were collected across six frequencies both pre-wash and after all six wash
cycles.

2.4.1. EMG Testing

EMG data were collected at 1000 Hz from three adults for all six samples with par-
ticipants performing simple bicep curl exercises with a self-selected weight ranging from
one to four kilograms. The exercise was completed with participants seated in an upright
position, commencing with their arm resting flat on a table, palm facing upward. To ensure
the consistency and accuracy of the exercise, a metronome was employed to guide the
participants through ten repetitions of the curl exercise, with each repetition lasting five
seconds.

Unfiltered EMG signals were processed following the steps shown in Figure 2. Filtering
frequencies were selected to reduce noise stemming from multiple sources including
electrode motion artifacts, ECG artifacts, and power line interference [7].

Teager-Kaiser
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20-450 Hz

Figure 2. System diagram of signal processing steps.

Figure 3 shows how processing steps affected the signal.
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Figure 3. EMG signal example showing how processing steps affect the signal.
2.4.2. Contact-Impedance Testing
An eliko Quadra Impedance Spectroscopy device was used to record electrode contact-
impedance data across six frequency bands: 31.2, 62.8, 93.8, 219, 344 and 531 Hz. Alligator
clamps connected the snap fits to the device for the readings. After each wash cycle, we
recorded fifty samples at 32 Hz from each frequency band for every armband.
3. Results
3.1. EMG
The goal was to identify which samples have clear peaks and a threshold that can be
used to classify muscle activation states. Figure 4 shows an example of a processed EMG
signal with clear peaks and an example with indiscernible peaks. Samples were ranked on
a system based on peak clarity. The top three samples were 130-Extended, 180-Extended
and 180-Thread, each resulting in clear peaks for at least two participants both pre and post
four wash cycles. Only 180-Extended achieved an SNR above 10 dB for all participants.
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Figure 4. Example of processed signals’ clear peaks with muscle activation state in red (top) and
where clear muscle activation cannot be clearly observed (bottom).

3.2. Contact-Impedance

Figure 5 shows contact-impedance values were in an expected EMG range [8] and
generally decreased for all samples with consecutive washes with a marked drop after
the third wash cycle. Fabric stability is typically reached after six wash cycles [9] and
all samples generally appear to start stabilizing after sixth wash. The Shieldex fabrics
utilized in this study were not recently acquired, which could contribute to the higher
initial impedance values observed. Although the behavior of direct snap fit integration
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varied from the others after the second, fourth and fifth washes, the limited number of
wash cycles prevents further conclusions.
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Figure 5. Plots of mean contact-impedance after each wash cycle for all samples at relevant frequencies.

4. Discussion

Sample 180-Extended was the best-performing sample with clear peaks before and
after four wash cycles and was the only sample to have a good-quality SNR. Hence, for
designers wanting to use EMG sensing with silver textile electrodes in interactive systems,
we recommend prototyping with Shieldex Techniktex P180B or a textile with similar
properties and integrating it by extending the textile instead of using sewn conductive
thread or directly integrating a snap fit into the electrode. We further recommend washing
the textile before use but cannot make recommendations on how subsequent long-term
wear and washing will affect performance.
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