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Abstract

We present Gradient-SDF, a hybrid representation for 3D geometry
between signed distance fields stored in a voxel grid and surfels.

• It allows us to perform direct SDF tracking from depth images, using
efficient storage schemes like hash maps.
• It enables us to perform photometric bundle adjustment directly in

a voxel representation (without transforming into a point cloud or
mesh).
• It is a fully implicit optimization of geometry and camera poses and

allows easy geometry upsampling.

Camera tracking using Gradient-SDF

Weighted least squares energy similar to [1, 2]:

E(R, t) = ∑
k
wkdS(Rpk + t)2 .

We approximate dS and ∇dS using a first-order Taylor expansion:

dour
S (p) = ψ0 + (p− vj∗)

>ĝj∗ ,
∇dour
S (p) = ĝj∗ ,

j∗ = arg min
j
‖p− vj‖ .

Pose optimization and bundle adjustment

Implicit bundle adjustment energy:

E({Ri, ti}, ψ) = ∑
i,j,c
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Icij({Ri, ti}, ψj) = Ici
π(R>i (vj − ψjĝj − ti))

 .

Effectively, we minimize the color/intensity variance of 3D points.

Reconstruction Results
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Gradient quality on synthetic data

0 2 4 6 8 10
0

5

10

15

Gradient-SDF
   mean
   median
   95%
Central differences
   mean
   median
   95%

The y-value of the curve indicates the angular deviation of voxels
closer than x voxels to the surface. Our Gradient-SDF gradients are by
far more accurate than those computed by finite difference schemes.

Code & Contact

Code is available open-source:
https://github.com/c-sommer/gradient-sdf

Contact:
Lu Sang, lu.sang@tum.de
Christiane Sommer, c.sommer@tum.de
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