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Introduction

We introduce a monolithic 3D-printed tactile fingertip that preserves the core architecture of an established vision-based tactile sensor- skin, pins, markers, and
gel - while replacing the conventional polymer melt blend gel with a soft transparent solid fabricated in a single print. This unified gel is elastic, mechanically
couples all pins, and exhibits mechanical properties akin to the dermis and subcutaneous fat. Indentation experiments test the fingertip’s deformation
mechanism, revealing that pin length and gel thickness are critical determinants of its deformation capability. In these experiments, the structural similarity
index (SSIM) is employed to evaluate and quantify the deformation of the fingertip.
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Fig. 2: (a) The proposed monolithic tactile sensor. (b) Indentation experimental setup using a
4 Pin length \sphere-tlpped indenter. (c) SSIM-based image deformation quantification. -
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Fig. 1: (a) Assembled view showing the overall sensor geometry. (b) Exploded schematic ReSUItS
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Fig. 3: Comparison and interpretation of SSIM—depth fitting models using (a) single-Gaussian}y . ./ 13y e 0.10;
and (b) double-Gaussian formulations. The single-Gaussian model captures the overall 0.40: 0 'Og‘
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Contributions

* An SSIM-based framework is established to characterize deformation responses of vision-based tactile sensors through SSIM—-depth curves.
* A monolithic 3D-printed tactile fingertip is developed using a directly printed soft transparent solid, enabling fully integrated fabrication.

* The influence of pin length and gel thickness on SSIM response is systematically analysed through two mechanisms: geometric deformation transmission and
refraction-induced optical amplification.
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