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Smart textiles have gained significant attention in human-machine interfaces
(HMls) due to their flexibility, softness, and comfort, allowing for seamless
integration into daily life.

The textile-based multifunctional human-machine interface enables
bidirectional interaction while ensuring wearability. In our work, we
developed a wearable system that achieves sensing human body movements
and providing corresponding haptic feedback based on a unified structure.

 Fabricate magnetoactive fiber through molding and magnetization of a
silicone matrix mixed with micro magnetic particles (NdFeB).

 Designed and fabricate textile-based electromagnetic coils via digital
machine knitting.

* Placing the magnetized magnetoactive fiber under machine-knitted
electromagnetic coils enables sensing and haptics on the human body.
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Haptic feedback

 With alternating current, the knitted electromagnetic coils generates
fluctuating magnetic fields. Driven by electromagnetic forces, the
magnetoactive fibers generates vibrations of different magnitudes and
frequencies.

Sensing

* When the knitted electromagnetic coils and magnetoactive fibers undergo
relative displacement, an induced electromotive force (EMF) is generated.
The system detects mechanical motion via the generated electrical signals.

Haptic feedback: / Electromagnetic\ C : I ‘ - : ™
Electromagnetic field off C Ia"r.‘e H-brldge I.ur.rtc::-n
force interaction selection drllyer imiting
ST - /
Electromagnetic |
field on GPIO . .
—— Signal processing
Wifi module !
Knitted
electromagnetic ADC - Feedback control

coil

Magnetoactive Filter
\_  fiber / ;
) Two-stage _ Voltage
uman amplification adder
Movement t
sensing: Offset
Electromagnetic generator
induction \ J

Magnetic field strength of magnetoactive fibers

* Thicker fiber diameter and higher magnetization field result in a stronger
magnetic field in the magnetoactive fiber.
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The influence of knitting structure on haptics

* The electromagnetic coils were knitted into three different structures using
digital fabrication.

 The interlock structure produces the strongest magnetic field, making it the
most favorable for generating high-intensity haptic feedback.

* In the temperature test of intermittently activated feedback, the maximum

temperature of the coils in the interlock structure was controlled under
120.7°F (49.3°C).
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Preliminary results from the sensing module

* [t has the capability to amplify the original small induced electromotive
force (EMF) from uV to V while suppressing noise.

* The amplified induced electromotive force obtained at the sensing module
output from consecutive taps (left image below) and continuous rolling of
the magnetoactive fiber (right image below).
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* Integrate the scaled-up sensing and haptic functions into a unified system.
 Conduct signal processing and analysis to enhance system performance.
* Explore application scenarios.

Reference:

[1] Keller, J. (2023, August 14). Nautilus Defense to develop smart textiles for wearable electronics with embedded data and power networks. Military
& Aerospace Electronics. Retrieved from https://www.militaryaerospace.com/communications/article/14297596/wearable-electronics-smart-textiles-
data-and-power-networks

[2] Longevity Technology. 2024. From wearables to home decor: What are smart textiles used for? Retrieved from
https://longevity.technology/lifestyle/from-wearables-to-home-decor-what-are-smart-textiles-used-for/

[3] Y. Li and Y. Luo. 2024. Intelligent textiles are looking bright. Science, 384(6691), 29-30. Retrieved from https://doi.org/10.1126/science.ado5922




	幻灯片 1: Multifunctional Human-Machine Interface Enabled by Magnetoactive Textiles

