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Adjustable Compression

The mesh density is controlled either by:
• directly setting the desired number of vertices or
• indirectly setting a threshold 𝜏 on the error introduced by decimation. 
Lower thresholds reduce angular and absolute errors.

𝜏 = 2 𝜏 = 64 𝜏 = 2048

Faster Runtimes

         

      

   

   

   

   

   

 
 
 
  
 

 
  
 
 

                              
                       

• A reduced number of vertices compared to 
pixels leads to a smaller linear system and 
hence faster normal integration

• Break-even point of the additional step is 
reached below 1MP.

Improved Quality

   

   

   

   

    

    

    

    

    

 
 
 
 
  

  
 
  
 
  
  

 

Screen-Space Quadrics Mesh-Based Integration

Decimation Edge Alignment Vertex Alignment

• Estimate influence of vertex on overall 
shape through quadratic error metric.

• Remove the least influential vertices 
through edge collapses.

• Identify misaligned edges through 
generalized Delaunay criterion.

• Flip edges to align them with ridges and 
furrows of the underlying surface.

• Move vertices to the position that 
minimizes the quadratic error metric to 
align them with ridges and furrows of the 
surface.
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QEM ODT

• Quadratic Error Metrics (QEM [4]): Estimates deviation between the mesh and 
the underlying surface.

• Optimal Delaunay Triangulations (ODT [3]): Measures regularity of the mesh.

• We derive mathematical tools to calculate the quadrics in screen-space, i.e. from 
normal maps alone. 

                  

                  

             

• QEM and ODT can be unified through 
the generalized norm ⋅ 𝑀.

• This also generalizes the Delaunay flip 
algorithm for flat surfaces [3].

• We develop a local version for curved 
surfaces.

Ԧ𝑥 𝑀
2 ≔ Ԧ𝑥, 𝑀 Ԧ𝑥

𝑀 ≔ 𝑛 ⋅ 𝑛𝑡 + 𝜆 ⋅ 𝐼

Pixel-Based [1]
(21k Pixels @ 2562)

Isotropic Mesh-Based [2]
(22k Vertices @ 20482)

Ours
(20k Vertices @ 20482)
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• Careful adaptation of the mesh allows high quality surfaces at low runtimes [2].
• By aligning vertices and edges with ridges and furrows of the surface, we maintain 

better quality at the same level of compression. 

Normal Map 2.5D Surface

• Normal integration calculates depth maps from normal maps (e.g. measured 
through photometric stereo)

• Normal integration in photometric stereo becomes computationally expensive 
at high image resolutions.

• Replacing the regular pixel grid by a triangle mesh before integration decouples 
image and geometric resolution (⇒ runtime)

• We improve the discretization of this energy for triangle meshes, cf. [2].
• As in the pixel case, integration is performed by solving a linear system but with 

much fewer variables.
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