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Fig. 1. Preparation, working mechanism, and structural characterization of the CTS/CNTs-OH pressure sensor: (a) Schematic of
the electrophoretic deposition (EPD) process for fabricating the CTS/CNTs-OH fabric; (b) top-view SEM image of the CTS/CNTs-
OH composite and schematic illustration of the sensor’s working mechanism; (¢) Raman spectra of pristine CTS and the

CTS/CNTs-OH (EPD) composite.
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Fig. 2. Sensing performance of the CTS/CNTs-OH pressure sensor: (a) Relationship between relative current change (AI/I)) and
applied pressure for sensors with different layer numbers prepared by EPD for 30 min; (b) relationship between relative current
change (AI/I)) and applied pressure for sensors with different layer numbers prepared by EPD for 1 h; (c) electrical hysteresis loops
of the sensor during loading and unloading in the range of 0-95 kPa; (d) response and recovery times of the sensor; (e) current-
voltage (I-V) curves measured under different pressures from 0 to 80 kPa; (f) response and recovery behavior of the sensor under a
pressure of 0.98 Pa; (g) durability test over 8000 loading-unloading cycles at 100 kPa; (h) comparison of sensitivity and detection

range with other representative pressure sensors reported recently.
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Table 1.  Comparison of performance parameters of piezoresistive sensors with different fabrication techniques.
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Fig. 3. The sensing mechanism of the CTS/CNTs-OH pressure sensor: (a) The equivalent circuit model of the CTS/CNTs-OH pres-

sure sensor; (b) schematic diagram of the CNTs-OH tunneling effect; (c) microscopic deformation evolution of different layer-count

CTS/CNTs-OH models during the pressure loading process; (d) the relationship between the contact area and the applied pressure

of the sensors with different layer counts within the range of 0-100 kPa.
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Fig. 4. Antibacterial performance of CTS/CNTs-OH sensors: (a) Schematic diagram of the antibacterial mechanisms of CTS and
CNTs-OHj; (b) antibacterial test results of CTS/CNTs-OH sensors and polyester fabric against Escherichia coli.
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Fig. 5. Detection and recognition of human motions using the CTS/CNTs-OH pressure sensor: (a)—(h) Real-time detection of vari-

ous human motions, including wrist bending, finger bending, knee bending, ankle bending, finger pressing, clapping, elbow bending,

and stepping, with the sensor attached to corresponding body parts; (i) confusion matrix of the convolutional neural network

(CNN) for classifying the eight human motions; (j) statistical data and recognition accuracy for each motion, with an overall accur-

acy of 99.87%.
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Fig. A2. The testing and data-acquisition platform.
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SPECIAL TOPIC—Flexible electronics and smart wearables

A high-performance CTS/CNTs-OH fabric pressure sensor
and its deep learning-based recognition of human motions”
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Abstract

Flexible piezoresistive pressure sensors integrating high sensitivity, broad linear detection range, and
excellent stability are crucial for wearable electronics and human—machine interfaces. However, achieving a
balanced improvement in these performance metrics remains a challenge. Herein, we propose and fabricate a
high-performance flexible pressure sensor based on a chitosan/hydroxylated carbon nanotubes (CTS/CNTs-OH)
composite fabric. Benefiting from the inherent antibacterial properties of chitosan and the synergistic effect with
hydroxylated carbon nanotubes, the composite fabric and the sensor exhibit excellent antibacterial performance,
which can effectively avoid sensor performance degradation and human skin discomfort caused by microbial
growth in wearable scenarios. In addition, the chitosan-based fibrous network endows the sensor with good
biocompatibility, breathability, and mechanical compliance, making it suitable for long-term skin-contact
wearable applications. By optimizing the electrophoretic deposition process and the fabric layering structure,
the sensor demonstrates outstanding overall performance: a broad detection range of up to 100 kPa, a maximum
sensitivity of 0.151 kPa'!, and excellent linearity (R? > 0.999) across a wide pressure range. Notably, the
multilayer fabric architecture enables a continuous evolution of interfacial contact under external pressure,
which contributes to the simultaneous achievement of high sensitivity and a wide linear sensing range. Under
dynamic pressure testing, the sensor exhibits fast response (6 ms) and recovery (46 ms) times, and it is capable
of detecting subtle pressures as low as 0.98 Pa. Such rapid response characteristics allow the sensor to
accurately capture both static and dynamic mechanical stimuli associated with human motions. The sensor
maintains highly stable electrical output after more than 8000 loading-unloading cycles at 100 kPa, confirming
its remarkable mechanical durability. For practical demonstrations, relying on its excellent antibacterial and
sensing properties, the sensor was successfully employed for real-time monitoring of various human motions.
Combined with a deep learning model based on a convolutional neural network (CNN), it achieved high-
accuracy classification of eight types of human activities, with an overall recognition accuracy exceeding 99%.

These results highlight the strong compatibility between the proposed sensor and data-driven intelligent
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recognition algorithms. This work provides an effective material and structural design strategy for developing
high-performance, wearable flexible sensing systems, especially suitable for the wearable electronics field

requiring biocompatibility and antibacterial properties.
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