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Soft robots need real-time 3D shape
reconstruction for
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* Proprioception in deformable
actuators: recover body shape for
feedback control.

* Tactile sensing during contact:
estimate local deformation caused by
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Key Idea: Optical Waveguide Sensing pred ..
* Decode the membrane shape from “"
optical signals using a data-driven
model. \

touch and deform

<@

Hardware Design

v’ Design of a Sensorized Highly Deformable Membrane
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* LEDs
 PDs spread across the center, sampled by an external ADC.
 LEDs and PDs are soldered onto flexible PCB breakouts.

olaced along the edges, controlled to light up sequentially.

e Use liguid metal (OGaln) for electrical connectivity.

 Bodyis made of a platinum-cured silicone rubber (Ecoflex 00-45).

v Stretchable Circuit Fabrication

* All sensing elements are integrated on a stretchable substrate.
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For more details about this work, please visit the project homepage by scanning the QR code.

Reconstruction Pipeline

A Data-Driven Model for

Highly Deformable Proprioceptive Membrane for
Real-time 3D Shape Reconstruction
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Predicted Point Cloud

Point Cloud Reconstruction

‘Normalized Photodiode Signals |
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Latent to point set

PD to latent L
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Stage 1: Point cloud autoencoder

The encoder, E (), compresses the point clouds into an L -dimensional
latent space and a decoder, D(-), reconstructs them back.

The training loss is the chamfer distance between the original point
cloud S..and the reconstructed point cloud S,.

dop (Sy,Sp)=»  min |z —y|*+ »  minlz—y]’
ze S, U< Sy yeS,, TS

The autoencoder adopts the PointNet backbone to learn a compact
representation of the geometry.

Stage 2: PD-to-latent regression

A fully connected MLP, h(-), is trained on the MSE loss to map the PD
vector to the latent vector.

Lomse =B (v) — 2||°

The ground truth latent vector is pre-computed using the encoder
trained in stage 1.

Full reconstruction pipeline is the composition of & and D.

Number of Sensing Elements

Model performance - Number of PDs/LEDs

—o—  Natural
SAGE
Reverse SAGE

w o
®, O

'\4 {3;5} S
\-

N o
S~ O
.'
}
/%

N
Q

'I‘h- =

DR e
(142} (14,250

N
o

-
‘?‘

Chamfer distance (mm)
/
Chamfer distance (mm)
N
©O

o

10 15 20
Number of LEDs (Full PD)

1 2 3 4 ' -
Number of PDs (Full LED) 0 5 25

Track the model performance (using ground-truth to reconstruction
chamfer distance) while progressively adding sensing element.

Performance plateau when LED number is greater than 15.

Experiments and Results

v Highly Deformable
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* Achieve high accuracy reconstruction of uniaxial stretching up to 75%.

cd =1.557

cd =1.421

cd =1.403

* Average chamfer distance (cd) 1.214 mm.

v Out-of-plane Indentation
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Reconstructed Shape
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* Achieve real-time reconstruction with 90 Hz update rate.

* Average chamfer distance (cd) 1.307 mm.

Future Work

 Develop scalable optical simulation for highly deformable waveguide
membranes.

* Generate paired datasets covering broader deformation modes.

* Reduce training data collection cost through simulation.
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