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KinectFusion:

first real-time volumetric fusion



world

Volumetric Fusion [Curless and Levoy 96]

KinectFusion [Newcombe et al. 11; Izadi et al. 11]

Spatial hashing:  

𝐻 𝑥, 𝑦, 𝑧 = 𝑥 ⋅ 𝑝1⨁ 𝑦 ⋅ 𝑝2⨁ 𝑧 ⋅ 𝑝3 mod 𝑛

No spatial limits!

TOG’13 [Nießner et al.]: VoxelHashing



3DIM’01 [Rusinkiewicz et al.]: Efficient Variants of  the ICP Algorithm



TOG’13 [Nießner et al.]: VoxelHashing



RSS’15 [Whelan et al.]: ElasticFusion



ElasticFusion: surfel representation TSDF implicit surface
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Bad Matches Good Matches





Consistent Correspondences



Unstable Transform









𝑅𝑒𝑝𝑟𝑜𝑗 𝐸𝑟𝑟(𝑖, 𝑗) =  

𝑘

#pixels

𝑝𝑘 − 𝑇𝑖
−1𝑇𝑗𝜋𝑑

−1(𝐷𝑗(𝜋𝑑(𝑇𝑗
−1𝑇𝑖𝑝𝑘))) ⋅ 𝑛𝑘



𝑅𝑒𝑝𝑟𝑜𝑗 𝐸𝑟𝑟(𝑖, 𝑗) =  

𝑘

#pixels

𝑝𝑘 − 𝑇𝑖
−1𝑇𝑗𝜋𝑑

−1(𝐷𝑗(𝜋𝑑(𝑇𝑗
−1𝑇𝑖𝑝𝑘))) ⋅ 𝑛𝑘



Global Pose

Optimization



𝐸 𝑇 = 𝑤𝑠𝑝𝑎𝑟𝑠𝑒𝐸𝑠𝑝𝑎𝑟𝑠𝑒 𝑇 + 𝑤𝑑𝑒𝑛𝑠𝑒𝐸𝑑𝑒𝑛𝑠𝑒(𝑇)



𝐸 𝑇 = 𝑤𝑠𝑝𝑎𝑟𝑠𝑒𝐸𝑠𝑝𝑎𝑟𝑠𝑒 𝑇 + 𝑤𝑑𝑒𝑛𝑠𝑒𝐸𝑑𝑒𝑛𝑠𝑒(𝑇)



𝐸 𝑇 = 𝑤𝑠𝑝𝑎𝑟𝑠𝑒𝐸𝑠𝑝𝑎𝑟𝑠𝑒 𝑇 + 𝑤𝑑𝑒𝑛𝑠𝑒𝐸𝑑𝑒𝑛𝑠𝑒(𝑇)

𝐸𝑠𝑝𝑎𝑟𝑠𝑒 𝑇 =  

𝑖,𝑗

#𝑓𝑟𝑎𝑚𝑒𝑠

 

𝑘

#𝑐𝑜𝑟𝑟𝑒𝑠𝑝.

𝑇𝑖𝑝𝑖𝑘 − 𝑇𝑗𝑝𝑗𝑘 2
2



𝐸𝑠𝑝𝑎𝑟𝑠𝑒 𝑇 =  

𝑖,𝑗

#𝑓𝑟𝑎𝑚𝑒𝑠

 

𝑘

#𝑐𝑜𝑟𝑟𝑒𝑠𝑝.

𝑇𝑖𝑝𝑖𝑘 − 𝑇𝑗𝑝𝑗𝑘 2
2

𝐸 𝑇 = 𝑤𝑠𝑝𝑎𝑟𝑠𝑒𝐸𝑠𝑝𝑎𝑟𝑠𝑒 𝑇 + 𝑤𝑑𝑒𝑛𝑠𝑒𝐸𝑑𝑒𝑛𝑠𝑒(𝑇)



𝐸 𝑇 = 𝑤𝑠𝑝𝑎𝑟𝑠𝑒𝐸𝑠𝑝𝑎𝑟𝑠𝑒 𝑇 + 𝑤𝑑𝑒𝑛𝑠𝑒𝐸𝑑𝑒𝑛𝑠𝑒(𝑇)



𝐸 𝑇 = 𝑤𝑠𝑝𝑎𝑟𝑠𝑒𝐸𝑠𝑝𝑎𝑟𝑠𝑒 𝑇 + 𝑤𝑑𝑒𝑛𝑠𝑒𝐸𝑑𝑒𝑛𝑠𝑒(𝑇)

𝐸𝑑𝑒𝑛𝑠𝑒 𝑇 = 𝑤𝑑𝑒𝑝𝑡ℎ𝐸𝑑𝑒𝑝𝑡ℎ 𝑇 + 𝑤𝑐𝑜𝑙𝑜𝑟𝐸𝑐𝑜𝑙𝑜𝑟(𝑇)



𝐸𝑑𝑒𝑛𝑠𝑒 𝑇 = 𝑤𝑑𝑒𝑝𝑡ℎ𝐸𝑑𝑒𝑝𝑡ℎ 𝑇 + 𝑤𝑐𝑜𝑙𝑜𝑟𝐸𝑐𝑜𝑙𝑜𝑟(𝑇)

𝐸 𝑇 = 𝑤𝑠𝑝𝑎𝑟𝑠𝑒𝐸𝑠𝑝𝑎𝑟𝑠𝑒 𝑇 + 𝑤𝑑𝑒𝑛𝑠𝑒𝐸𝑑𝑒𝑛𝑠𝑒(𝑇)

𝐸𝑑𝑒𝑝𝑡ℎ(𝑇) =  

𝑖,𝑗

#frames

 

𝑘

#pixels

𝑝𝑘 − 𝑇𝑖
−1𝑇𝑗𝜋𝑑

−1(𝐷𝑗(𝜋𝑑(𝑇𝑗
−1𝑇𝑖𝑝𝑘))) ⋅ 𝑛𝑘 2

2



𝐸𝑑𝑒𝑛𝑠𝑒 𝑇 = 𝑤𝑑𝑒𝑝𝑡ℎ𝐸𝑑𝑒𝑝𝑡ℎ 𝑇 + 𝑤𝑐𝑜𝑙𝑜𝑟𝐸𝑐𝑜𝑙𝑜𝑟(𝑇)

𝐸 𝑇 = 𝑤𝑠𝑝𝑎𝑟𝑠𝑒𝐸𝑠𝑝𝑎𝑟𝑠𝑒 𝑇 + 𝑤𝑑𝑒𝑛𝑠𝑒𝐸𝑑𝑒𝑛𝑠𝑒(𝑇)

𝐸𝑐𝑜𝑙𝑜𝑟(𝑇) =  

𝑖,𝑗

#frames

 

𝑘

#pixels

𝛻𝐼(𝜋𝑐 𝑝𝑘 ) − 𝛻𝐼(𝜋𝑐 𝑇𝑗
−1𝑇𝑖𝑝𝑘 ) 2

2
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Optimize local chunks of frames first

10 frames with identity pose10 frames with identity pose

Chunk 1 Chunk 2



Optimized local chunks

10 aligned frames 10 aligned frames

Chunk 1 Chunk 2



Global

optimization

over chunks

Chunk 1

Chunk 2
Chunk 1+2



ATE RMSE on the synthetic ICL-NUIM Dataset by Handa et al.

sparse + local dense

full

sparse only



Dynamic Scene 

Update



𝐷(𝑣) =
 𝑖𝑤𝑖 𝑣 𝑑𝑖(𝑣)

 𝑖𝑤𝑖(𝑣)

𝑊(𝑣) = 

𝑖

𝑤𝑖(𝑣)

Voxel {
distance;
color;
weight;

}



Voxel {
distance;
color;
weight;

}

𝐷′(𝑣) =
𝑊 𝑣 𝐷 𝑣 + 𝑤𝑘 𝑣 𝑑𝑘(𝑣)

𝑊 𝑣 +𝑤𝑘(𝑣)

𝑊′ 𝑣 = 𝑊 𝑣 + 𝑤𝑘(𝑣)



𝐷′(𝑣) =
𝑊 𝑣 𝐷 𝑣 − 𝑤𝑘 𝑣 𝑑𝑘(𝑣)

𝑊 𝑣 −𝑤𝑘(𝑣)
Voxel {

distance;
color;
weight;

} 𝑊′ 𝑣 = 𝑊 𝑣 − 𝑤𝑘(𝑣)





Integrated

(wrong pose)



De-integrated



Re-integrated with

updated pose































1513 reconstructed scenes
CVPR’17 (spotlight) [Dai et al.]: ScanNet
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