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3DV Rigid Point Set Alignment

input point sets registration result



Rigid Point Set Alignment

structured light RGB-D LIDAR

[1] V. Golyanik et al. Accelerated Gravitational Point Set Alignment with Altered Physical Laws. In ICCV, 2019.
12] G. D. Evangelidis and R. Horaud. Joint alignment of point sets with batch and incremental expectation-
maximization. TPAMI, 2018.

[3] F. Jaremo Lawin et al. Density adaptive point set registration. In CVPR, 2018.



3DV Rigid Point Set Alignment
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Bergevin et al. Towards a general multi-view registration technique. TPAMI, 1996.



Rigid Point Set Alignment

ten point sets registration result

G. D. Evangelidis and R. Horaud. Joint alignment of point sets with batch and incremental expectation-
maximization. TPAMI, 2018.



B}] Multi-Body Gravitational Approach

three point sets



Multi-Body Gravitational Approach

three point sets registration result



Rigid Point Set Alignment

fixed reference and

no reference, all point sets are handled on par
a transformed template
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Contributions

i/ The first gravitational method for multi-body point set alignment
ii/ Acceleration of globally multiply-linked point interactions with a
2D _tree; this data structure enables a new fast shape signature based
on polynomial fitting

iii/ Experimental evaluation with SotA results



BHRGA Algorithm
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V. Golyanik et al. Accelerated Gravitational Point Set Alignment with Altered Physical Laws. In ICCYV, 2019.



Multi-Body Gravitational Approach

Generalisation of gravitational alignment for I point clouds:

Y|

B(T) =3 3 > (mp, me, |a(Ti.ph) —pi), )
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Multi-Body Gravitational Approach

Generalisation of gravitational alignment for I point clouds:
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E}] Multi-Body Gravitational Approach

Generalisation of gravitational alignment for I point clouds:
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3DV Acceleration of Point Interactions

new element insertion of .

\

root node : \
(entire space) :

H p-=---- - Il
: " : N m
| Il 1 v ]
on d ®A - O

empty

leaf ._--.I--_---- ’

on[ ] -\ 1l Y A i
E“HE corresponding leaf

BH tree

point set in the
partitioned space

J. Barnes and P. Hut. A hierarchical O(n-log-n) force calculation algorithm. Nature, 324, 1986.
V. Golyanik et al. Accelerated Gravitational Point Set Alignment with Altered Physical Laws. In ICCV, 2019.



B}] Acceleration of Point Interactions

Visualiser: https://jheer.github.io/barnes-hut/

examplary 2D point set Barnes-Hut quadtree
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E}] Acceleration of Point Interactions

Visualiser: https://jheer.github.io/barnes-hut/

calculation of the force acting on the blue particle
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3DV Acceleration of Point Interactions

Gravitational potential energy with Barnes-Hut acceleration:
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3DV Acceleration of Point Interactions 14

Gravitational potential energy with Barnes-Hut acceleration:

L Y]

2L X (mpme) lla(Tep) e, )

l: 1=1 C;EC[ i

Ec(T

For each point set Y, evaluate the gravitational potential at point p’ € Y,

induced by the fetched clusters c; € C;.; from the 2D _tree.



Complexity (Runtime and Memory)

Proposition 1. The computational complexity of MBGA is
O(LNlog(LN)), where L is the total number of point sets,
and N is the average number of points in each point set.

Proposition 2. The memory complexity of MBGA handling
LN points is O(LN log(LN)), with the factor log(LN)
attributable to the nodes in the 27 -tree.



B}] Complexity (Runtime and Memory)

Proposition 1. The computational complexity of%(}zllzﬁear
O(LN log(LN)), where L is the total number of point sets,

and N is the average number of points in each point set.

Quag

Proposition 2. The memory complexity of MBGA ham?tlrl!lea, r
LN points is O(LN log(LN)), with the factor log(LN)
attributable to the nodes in the 27 -tree.



Multi-Body Gravitational Approach
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12k points

initialisation registration
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Iterative NLLS Optimisation

1iteration 1
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Iterative NLLS Optimisation

1teration 2
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Iterative NLLS Optimisation

iteration 3
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Iterative NLLS Optimisation

iteration 4
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Iterative NLLS Optimisation

iteration 5
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terative NLLS Optimisation

iteration 7
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Iterative NLLS Optimisation

iteration &
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Iterative NLLS

Optimisation

iteration 9
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erative NLLS Optimisation

iteration 11
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Iterative NLLS Optimisation

iteration 13
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3DV Experimental Evaluation

Two policies for the evaluation of pairwise methods:
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Two policies for the evaluation of pairwise methods:
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3DV Experimental Evaluation

The average 3D RMSE error:
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The average 3D RMSE error:
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Experimental Evaluation
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comparison against pairwise algorithms

P. J. Besl and N. D. McKay. A method for registration of 3-d shapes. TPAMI, 1992.
A. Fitzgibbon. Robust registration of 2d and 3d point sets. In BMVC, 2003.

V. Golyanik et al. Accelerated Gravitational Point Set Alignment with Altered Physical Laws. In ICCYV, 2019.
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Experimental Evaluation

ICP LM-ICP BHRGA JRMPC MBGA
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R — 50% of randomly removed points

P. J. Besl and N. D. McKay. A method for registration of 3-d shapes. TPAMI, 1992.

A. Fitzgibbon. Robust registration of 2d and 3d point sets. In BMVC, 2003.

G. D. Evangelidis and R. Horaud. Joint alignment of point sets with batch and incremental expectation-
maximization. TPAMI, 2018.

V. Golyanik et al. Accelerated Gravitational Point Set Alignment with Altered Physical Laws. In ICCV, 2019.




Experimental Evaluation
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varying 2P-tree
threshold

runtime vs
accuracy

Experimental Evaluation
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B}] Experimental Evaluation (SINTEL)
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Experimental Evaluation

registration
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Experimental Evaluation (Depth

initialisation registration
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Experimental Evaluation (Depth Maps) 27

extracted shape signature induced by the 2-tree (in green)



Conclusions

+ The first gravitational method for multi-body point set alignment

+ All point sets are handled on par

+ Uses 22tree for the acceleration of point interactions

+ Can align large point sets in a globally multiply-linked manner

+ Robust to large noise ratios and varying point sampling densities

+ Achieves more accurate results compared to several pairwise methods
and can align large point sets without subsampling

+ Boundary conditions can be mapped to masses (e.g., prior matches)

28
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