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Experiments and Results:

1) Modeling an arch

2) Multi-view reconstruction with wrongly segmented pixels

3) Tracking under poor illumination conditions (high uncertainty)
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Problem Context: Reconstruct or track objects from depth images.

We employ subdivision surfaces to model 3D shapes [1]. Pros:

• They allow gradient-based optimization jointly over model and 

correspondences. 

• Compact representation.

Standard approach: Obtain the control vertices 𝑋 and the camera poses

𝜉𝑖 that minimize the distance between the model and the foreground data

(𝐷𝑖) of one or multiple depth images 𝑖:

𝐸𝑖𝑗
𝑝
𝑋, 𝜉𝑖 , 𝑢 = 𝑝𝑖𝑗 − 𝑇 𝜉𝑖 𝑠 𝑢𝑖𝑗 𝑋 𝑇
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, 𝐸𝑖𝑗

𝑛 𝑋, 𝜉𝑖 , 𝑢 = 𝜆𝑛 𝑛𝑖𝑗 − 𝑅 𝜉𝑖 𝑠⊥ 𝑢𝑖𝑗 𝑋 𝑇
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min
𝑋,𝜉,𝒰



𝑖



𝑗∈𝐷𝑖

𝐸𝑖𝑗
𝑝
𝑋, 𝜉𝑖 , 𝑢 + 𝐸𝑖𝑗

𝑛 𝑋, 𝜉𝑖 , 𝑢 , 𝑢𝑖𝑗: correspondences (opt. jointly)

Problem: The 3D model spills over the background beyond the real object:

Background term: Exploit background data (𝐵𝑖) to enforce silhouette 

consistency of the model.

Existing solutions [2,3] include a distance-transform-based background 

term (DT). This term/formulation: 

• fails to capture concavities.

• is highly affected by wrongly segmented pixels.

• does not handle uncertainty (null depth) properly.

Our contribution: New background term (SK) that formulates raycasting

as a differentiable energy.

𝐸𝑖𝑗
𝑏 𝑋, 𝜉𝑖 ∼ ൝

1 ifmin
𝑢

𝑥𝑖𝑗 − 𝜋 𝑠 𝑢 𝑋 , 𝜉𝑖 = 0

0 otherwise
,

𝐸𝑖𝑗
𝑏 𝑋, 𝜉𝑖 = ⋀ min

𝑢
𝑥𝑖𝑗 − 𝜋 𝑠 𝑢 𝑋 , 𝜉𝑖 = max

𝑢
⋀ 𝑥𝑖𝑗 − 𝜋 𝑠 𝑢 𝑋 , 𝜉𝑖

Overall formulation:
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