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3D Representation
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3D Reconstruction from Depth
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Surface Normals from Depths




Surface Normals from Depths
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Constructing TSDF from Depth
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Constructing TSDF from Depth
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Surface Reconstruction from TSDF
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Surface Reconstruction from TSDF
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Surface Reconstruction from TSDF
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Surface Reconstruction from TSDF
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Surface Reconstruction from TSDF
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Surface Reconstruction from TSDF
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Point Cloud Alignment
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Point Cloud Alignment
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Point Cloud Alignment
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lterative Closest Point
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Projective ICP
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Alignment Algorithm

Outside S Object inside

8: Predict points from the TSDF by ray casting
® o Predict normals from the predicted points
10: Load the i'* depth image

p 11: Compute 3D points and surface normals.
. 12: for j' iteration < nje, do
Ray casting 13: Find correspondences
14: Compute AT
15: Update Ty and make sure det(Rey) = 1
16: end for

17: Update transformation T = T\,

For each pixel in the image /, find the surface point.
Note: ray casting is expensive operation. Use the

—_ _ surface predicted by image /.
P =KR,[I, C,]



Alignment Algorithm

Outside Object inside
S
8: Predict points from the TSDF by ray casting
9: Predict normals from the predicted points
10: Load the i'* depth image
11: Compute 3D points and surface normals.
12: for ;'™ iteration < nje do
13: Find correspondences
14: Compute AT
15: Update Ty and make sure det(Rey) = 1
16: end for

17: Update transformation T = T\,

no Vi
[ve|
_ f(p+ap)-f(p)
|f(p+Ap)— f(p)




Alignment Algorithm

Outside Object inside
S
8: Predict points from the TSDF by ray casting
9: Predict normals from the predicted points
10: Load the i'* depth image
11: Compute 3D points and surface normals.
12: for ;'™ iteration < nje do
13: Find correspondences
14: Compute AT
______________________________________________ 15: Update Teur and make sure det(Rey,) = 1
—————————— 7T 16: end for

17: Update transformation T = T\,

p=adK’|v




Alignment Algorithm
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14:
15:
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17:

Predict points from the TSDF by ray casting
Predict normals from the predicted points
Load the i'* depth image
Compute 3D points and surface normals.
for j' iteration < nje, do

Find correspondences

Compute AT

Update Ty and make sure det(Rey) = 1
end for
Update transformation T = T,
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Alignment Algorithm
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8: Predict points from the TSDF by ray casting

9: Predict normals from the predicted points
10: Load the i'* depth image
Pi R (RI 11 Y +1) 11: Compute 3D points and surface normals.
12: for j' iteration < nje, do
13: Find correspondences
14: Compute AT
15: Update Ty and make sure det(Rey) = 1
16: end for
17: Update transformation T = T,

P'+1 T KRi+1|:I _Ci+1:|



Alignment Algorithm

Outside

S Object inside

__________ P _rojection 8: Predict points from the TSDF by ray casting
_____________________________________________________ 9: Predict normals from the predicted points
___________ 10: Load the i'* depth image
Pi R (RI 11 Y +1) 11: Compute 3D points and surface normals.

12: for j' iteration < nje, do
13: Find correspondences
14: Compute AT
15: Update Ty and make sure det(Rey) = 1
16: end for
17: Update transformation T = T,

ol



Alignment Algorithm

Outside

S Object inside

____________ B_‘?COHSUUC“O” n 8: Predict points from the TSDF by ray casting
_________________________________________________ 9: Predict normals from the predicted points
10: Load the i'* depth image
Pi R (RI 11 Y +1) 11: Compute 3D points and surface normals.
12: for j' iteration < nje, do
13: Find correspondences
14: Compute AT
15: Update Ty and make sure det(Rey) = 1
16: end for
17: Update transformation T = T,

pw — dI:‘iT+1K_1 |:;J-:| + Ci+1
=Rp +t

n,=Rn



Alignment Algorithm
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8: Predict points from the TSDF by ray casting

9: Predict normals from the predicted points
10: Load the i'* depth image
Pi R (RI 11 Y +1) 11: Compute 3D points and surface normals.
12: for j' iteration < nje, do
13: Find correspondences
14: Compute AT
15: Update Ty and make sure det(Rey) = 1
16: end for
17: Update transformation T = T,

W[[p] 1] 5 |- 6P



Alignment Algorithm

. . Outside S Object inside
= (Ri+1’ci+1>
8: Predict points from the TSDF by ray casting

9: Predict normals from the predicted points
10: Load the i'* depth image
11: Compute 3D points and surface normals.
12: for j' iteration < nje, do
13: Find correspondences
2 2 2
Pi+1 = (Ri+1’ i+1) 14: Compute AT
15: Update T.u, and make sure det(Reyy) = 1
16: end for
17: Update transformation T = T,
o €]

AT AR At £l At

AT = ~l+Z whereZ = *
0 1 0 0

T=(AT)T



Blue: predicted points
Red: measured points
Green: optimized points

Third iteration







TSDF fusion




TSDF from New View




TSDF Fusion
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TSDF fusion













