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Development of Piezoelectric Flexible Tactile
Sensor for Detection of Tissue Hardness
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Detecting the mechanical characteristic of tissues is a highly effective means of distinguishing between a cancerous
lump and healthy tissues during minimally invasive surgery (MIS). Gastric submucosal tumors are difficult to
diagnosis by endoscope due to tumors covered by normal gastric mucosa tissue. This presents a novel miniaturized
tactile sensor for differentiating the hardness of elastomer under a gastric mucosa of pig. The flexible tactile sensor
consists of two patterned flexible print circuits (FPCs) sandwiching a polymer piezoelectric film (PVDF) and a
small steel ball embedded in a soft material (PDMS) on the FPC surface. Owing to the stiffness difference between
a steel ball and PDMS material, the uneven stress distribution on piezoelectric film can be induced and varied with
contact objects. Therefore, the ratio of voltage outputs between the inner and outer electrodes on the piezoelectric
film can differentiate between the mechanical characteristics of a contact object. Experimental results indicate that
the voltage ratio increases with the Young's modulus of elastomer from 1 to 3 MPa. Additionally, the voltage ratio
not only depends on elastomer Young's modulus but also affects by the magnitude of normal force applied on tactile
sensor. Consequently, capable of differentiating between soft tissues, the tactile sensor is thus highly promising for
integration with a medical device for minimally invasive surgery.
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