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Abstract

Wearable electronic devices have emerged as a significant technology for monitoring critical
physiological signals. Among these, plantar pressure, a key biomechanical metric with substantial
potential to improve healthcare outcomes, has been comparatively underexplored. Smart insoles
represent a promising platform for this purpose, capable of providing high-fidelity data on human
gait, detecting subtle variations in plantar pressure distribution, and enabling real-time
assessment of biomechanical and sport-related health indicators. While several sensing
methodologies have been investigated for plantar pressure measurement, they often present
technical limitations. Piezoresistive sensing technology offers a compelling combination of
performance, robustness, low manufacturing cost, and facile fabrication. However, persistent
challenges subsist, particularly in achieving a wide dynamic range of pressure sensitivity.

The successful development of a pressure-sensing smart insole for seamless integration into
wearable systems necessitates an optimal trade-off among flexibility, durability, and user comfort.
Furthermore, maintaining signal fidelity and reliability over extended operational periods is
paramount. Consequently, current research is placing greater emphasis on addressing these
challenges through the development of novel materials, refinement of sensor architectures, and
improvement of manufacturing methods.

In this work, we present the design and fabrication of a smart insole for the real-time monitoring
and analysis of plantar pressure distribution. The proposed device is engineered to assess plantar
pressure with high spatial resolution through the seamless integration of 16 piezoresistive
sensors, which are strategically positioned at key anatomical locations to capture detailed
pressure profiles associated with foot kinematics, shown in Figure below. The sensor array is
fabricated on a flexible Polyethylene terephthalate (PET) substrate utilizing advanced dispense
printing via the Voltera NOVA platform. The insole's architecture comprises three functional
layers: a silver-based interdigitated electrode layer, an adhesive separator layer, and a carbon-
based piezoresistive sensing layer.

For data acquisition and transmission, the smart insole integrates a compact, battery-powered
Bluetooth module to wirelessly send sensor data to a custom mobile app. The app displays
pressure distribution as a dynamic heat map, while planned real-time validation will assess
accuracy, responsiveness, and performance, confirming potential for clinical gait analysis, sports
optimization, and preventative health monitoring.



