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High-fidelity simulation of vision-based tactile sensors is 
critical for robotic manipulation, but the sim-to-real gap 
persists due to complex refraction and unknown sensor 
parameters. We introduce a differentiable path tracer that 
optimizes camera pose, lighting, and object texture from 
just three real images—delivering realistic simulations 
with accurate light transport and glass refraction.

Background

Pose Optimization with glass refractionIntroduction

Future works

 High Data Dependency – The best-performing methods 
are data-driven and computationally expensive. [1]

 Calibration Bottleneck – Current calibration procedures 
are fastidious and imprecise.[2]

 No Full Image Differentiation – Existing tactile sensors 
lack end-to-end differentiable image formation.[3]

Contributions

Realistic Calibrated Rendering: Utilizes path tracing 
and optimized marker and light parameters.

Differentiable Optimization: First use of differentiable 
rendering to streamline calibration and optimize synthetic 
rendering parameters (pose, light, markers).

Data Efficiency: Calibration performed using 3 images.

Overall pipeline 
- Extend the pipeline to other visual tactile sensors 
- Integrate into physical tactile simulators 
- End-to-end differentiable pipeline

Pix2pix domain adaptation

Light Optimization
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