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Abstract of Thesis

Robotic manipulation in unstructured environments requires high-resolution, compact tactile sensing for practical integration.
While Vision-Based Tactile Sensors (VBTSs) offer dense contact geometry, existing designs often rely on bulky optics that
restrict thickness and integration. This thesis systematically optimizes VBTS architectures to achieve compactness and wide

coverage without compromising high-resolution 3D perception.

The thesis presents the development of compact VBTSs, progressing from optimized photometric designs to practical multi-
modal deployment: First, we develop a miniature photometric VBTS with optimized internal geometry. Combining white
LEDs with multi-color fluorescent coatings enables a compact form factor suitable for direct gripper integration without
sacrificing accuracy. Second, targeting extreme miniaturization, we introduce a lensless pinhole VBTS, reducing sensor
thickness from 34 mm to 15 mm. Despite increased noise, quantitative analyses confirm that captured images retain sufficient
detail for reliable photometric reconstruction. Third, to address the limited FOV of pinhole imaging, we design a rotating
VBTS that computationally fuses overlapping views. This effectively doubles the sensing area while maintaining accurate 3D
reconstruction. Finally, we propose a multi-modal fusion method for robust object pose estimation. By combining vision and

tactile sensing within a sim-to-real framework, this approach effectively handles objects of varying shape and transparency.

Overall, this thesis contributes a staged miniaturization approach for VBTSs, extended to practical manipulation tasks. The
research evolves from optimizing sensor bulk and FOV for high-fidelity 3D reconstruction to validating system performance

through multi-modal fusion, achieving robust pose estimation for complex objects.
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