
UNIVERSITY

OF TRENTO - Italy

SDFoam: Signed-Distance Foam for explicit surface reconstruction
Antonella Rech1 Nicola Conci1,2 Nicola Garau1,2

1University of Trento, 2CNIT - Consorzio Nazionale Interuniversitario per le Telecomunicazioni

Overview

Figure 1: Existing methods in literature reconstruct 3D scenes either by employing explicit or implicit geometry, each with their own advantages and drawbacks. Our method,
SDFoam, jointly learns a signed distance field (SDF) and a 3D Voronoi Diagram (or foam), both of which are optimized during a ray-tracing process. Our method offers a good
trade-off of rendering speed, visual fidelity and reconstruction accuracy.

Our contribution

■ A single representation for view synthesis and geometry,
producing cleaner, view-consistent surfaces with fewer artifacts.

■ Novel hybrid implicit-explicit representation combines the
Voronoi Diagram with SDF for better geometry alignment.

■ Enables fast mesh extraction, up to 5× faster than a naive
density-based thresholding on Radiant Foam (RF).

Architecture
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Figure 2: SDFoam Architecture. A point cloud is initialized and refined over time
by learning an SDF from its points. Their SDF values are then converted to density,
which are used jointly with color and position parameters to learn a ray-traced scene.

Results - Novel View Synthesis

Figure 3: Novel View synthesis. Top: Ground truth. Center: RF. Bottom: SDFoam.

Figure 4: Our joint Voronoi-SDF formulation achieves better results and acts as an
additional regularization to boost visual appearance, removing occasional floaters in
the scene, as shown in Fig. 3.

Qualitative Results

Figure 5: Mesh reconstruction qualitative results. Top to bottom: ground truth, Radiant
Foam, SDFoam. Modelling the voronoi cells as local SDFs improves the consistency of
the extracted surface, thus filling the typical holes derived from the ray-tracing
procedure in Radiant Foam.

Results - 3D Reconstruction

Figure 6: Quantitative evaluation on the DTU dataset. *RF → large Chamfer distances
are due to floaters being difficult to filter with a naive density-based thresholding. Our
method offers a good trade-off between mesh reconstruction and visual fidelity.
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