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for Texture Recognition
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Abstract

Recently, piezoelectric tactile sensors have garmnered considerable attention in the field of texture recognition owing to their high sen-
sitivity and high-frequency detection capability. Despite their remarkable potential, improving their mechanical flexibility to attach to
complex surfaces remains challenging. In this study, we present a flexible piezoelectric sensor that can be bent to an extremely small
radius of up to 2.5 mm and still maintain good electrical performance. The proposed sensor was fabricated by controlling the thickness
that induces internal stress under external deformation. The fabricated piezoelectric sensor exhibited a high sensitivity of 9.3 nA/kPa
ranging from 0 to 10 kPa and a wide frequency range of up to 1 kHz. To demonstrate real-time texture recognition by rubbing the sur-
face of an object with our sensor, nine sets of fabric plates were prepared to reflect their material properties and surface roughness. To
extract features of the objects from the detected sensing data, we converted the analog dataset to short-term Fourier transform images.
Subsequently, texture recognition was performed using a convolutional neural network with a classification accuracy of 97%.
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Highly Flexible Piezoelectric Tactile Sensor based on PZT/Epoxy Nanocomposite for Texture Recognition
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Fig. 1. (a) Schematic illustration and (b) photograph of highly flex-
ible piezoelectric tactile sensor.
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Fig. 2. Fabrication process of piezoelectric tactile sensor
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Fig. 3. (a) Particle size distribution curve of PZT powder and (b)
SEM image of PZT/Epoxy nanocomposite film.
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Fig. 4. Optical microscope images of screen masks corresponding
60, 120, 240 mesh, respectively.

Table 1. Material properties of piezoelectric tactile sensor used in
FEA simulation

Materials Young’s modulus (GPa)  Poisson’s ratio
PI substrate 3.1 0.4
Composite 200 0.32
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Fig. 5. Images of finite element simulation showing von Mises stress
distribution of the (a) 10 um-thick, (b) 50 um-thick and (c)
100 um-thick piezoelectric composites under bending radius
of 15 mm.
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Fig. 6. Photographs of piezoelectric tactile sensor manufactured from
60, 120, and 240 mesh under bending deformation (bending
radius=2.5 mm).
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Fig. 7. Comparisons of (a) thickness, (b) capacitance, (c) dielectric
loss, and (d) piezoelectric coefficient, d;; of PZT/Epoxy com-
posite depending on the mesh size.
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Fig. 8. (a) Photographs of applying pressure to the sensor using a
pressure applying equipment, (b) Current response under the
pressure range from 0 to 10 kPa, (c) Dynamic pressure
response result at the frequency of 10, 50, 200, 1000 Hz. The
inset of (c) is a magnified response, and (d) Response and
relaxation time of the sensor.
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(b) signal processing
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Al algorithm
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Fig. 9. (a) Configuration of Tactile Information Collector (TIC), (b)
Diagram of signal processing for tactile recognition, (c) 9 sets
of fabric plates with complex surface shapes or surface tex-
tures.
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Fig. 10. (a) Design of the model architecture for Convolutional Neu-
ral Network (CNN), (b) Classification results of 3 materials
(Nylon, Al, PTFE), 3 surfaces(Fine, Coarse, Plane), and all
nine fabric plates. (¢) The confusion matrix of the material
recognition task on the 9 fabric plates.
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