
 

Research team develops sweat-resistant
wearable robot sensor
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Design and working concept of the Stretchable microNeedle Adhesive Patch
(SNAP). (A) Schematic illustration showing the overall system configuration and
application of SNAP. (B) Exploded view schematic diagram of a SNAP,
consisting of stretchable serpentine interconnects, Au-coated Si microneedle,
and ECA made of Ag flakes–silicone composite. (C) Optical images showing
high mechanical compliance of SNAP. Credit: The Korea Advanced Institute of
Science and Technology (KAIST)
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New electromyography (EMG) sensor technology that allows the long-
term stable control of wearable robots and is not affected by the wearer's
sweat and dead skin has gained attention recently. Wearable robots are
devices used across a variety of rehabilitation treatments for the elderly
and patients recovering from stroke or trauma.

A joint research team led by Professor Jae-Woong Jung from the KAIST
School of Electrical Engineering (EE) and Professor Jung Kim from the
KAIST Department of Mechanical Engineering (ME) has successfully
developed a stretchable and adhesive microneedle sensor that can
electrically sense physiological signals at a high level without being
affected by the state of the user's skin.

The results of this research, written by co-first authors Heesoo Kim and
Juhyun Lee, who are both Ph.D. candidates in the KAIST School of EE,
were published in Science Advances under the title "Skin-preparation-
free, stretchable microneedle adhesive patches for reliable
electrophysiological sensing and exoskeleton robot control."

For wearable robots to recognize the intentions behind human movement
for their use in rehabilitation treatment, they require a wearable
electrophysiological sensor that gives precise EMG measurements.
However, existing sensors often show deteriorating signal quality over
time and are greatly affected by the user's skin conditions. Furthermore,
the sensor's higher mechanical hardness causes noise since the contact
surface is unable to keep up with the deformation of the skin. These
shortcomings limit the reliable, long-term control of wearable robots.

However, the recently developed technology is expected to allow long-
term and high-quality EMG measurements as it uses a stretchable and
adhesive conducting substrate integrated with microneedle arrays that
can easily penetrate the stratum corneum without causing discomfort.
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https://techxplore.com/tags/microneedle/
https://www.science.org/doi/10.1126/sciadv.adk5260
https://techxplore.com/tags/wearable/
https://techxplore.com/tags/human+movement/


 

Through its excellent performance, the sensor is anticipated to be able to
stably control wearable robots over a long period of time regardless of
the wearer's changing skin conditions and without the need for a
preparation step that removes sweat and dead cells from the surface of
their skin.

  
 

  

Demonstration of the wireless Stretchable microNeedle Adhesive Patch (SNAP)
system as an Human-machine interfaces (HMI) for closed-loop control of an
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exoskeleton robot. (A) Illustration depicting the system architecture and control
strategy of an exoskeleton robot. (B) The hardware configuration of the
pneumatic back support exoskeleton system. (C) Comparison of root mean
square (RMS) of electromyography (EMG) with and without robotic assistance
of pretreated skin and non-pretreated skin. Credit: The Korea Advanced Institute
of Science and Technology (KAIST)

The research team created a stretchable and adhesive microneedle sensor
by integrating microneedles into a soft silicon polymer substrate. The
hard microneedles penetrate through the stratum corneum, which has
high electrical resistance.

The sensor can effectively lower contact resistance with the skin and
obtain high-quality electrophysiological signals regardless of
contamination. At the same time, the soft and adhesive conducting
substrate can adapt to the skin's surface and stretch with the wearer's
movement, providing a comfortable fit and minimizing noise caused by
movement.

To verify the usability of the new patch, the research team conducted a
motion assistance experiment using a wearable robot. They attached the
microneedle patch to a user's leg, where it could sense the electrical
signals generated by the muscle. The sensor then sent the detected
intention to a wearable robot, allowing the robot to help the wearer lift a
heavy object more easily.

Professor Jae-Woong Jung, who led the research, said, "The developed
stretchable and adhesive microneedle sensor can stability detect EMG
signals without being affected by the state of a user's skin. Through this,
we will be able to control wearable robots with higher precision and
stability, which will help the rehabilitation of patients who use robots."
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https://techxplore.com/tags/robot/


 

  More information: Heesoo Kim et al, Skin preparation–free,
stretchable microneedle adhesive patches for reliable
electrophysiological sensing and exoskeleton robot control, Science
Advances (2024). DOI: 10.1126/sciadv.adk5260
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