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Overview

* NRGA Is physics-based non-rigid point set

registration method which  estimates
correspondences and transformations
between ‘template’ and ‘reference’ point
sets

* Distributed and collision-less N-body
simulation Is performed on several regions
of point sets; the afttractive gravitational
force has relativistic effect; the Coherent
Collective Motion operator regularizes
distributed position updates

» Motivation: a paralleizable non-rigid point set
registration method which Is robust against
missing Input data and noise; better
balances correspondence accuracy and
geometric consistency
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Related Work

NRGA is related to its rigid counterpart GA
which estimates a single global rigid
transformation parameter using  Absolute
Orientation method or Kabsch Algorithm

.. 'Reference ' - - Template -

The gravitational force function used In IS
altered in NRGA by relativistic effect as in
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Proposed NRGA Results
Distributed N-Body Simulation Missing Data ( > 30% ) | Uniform Noise ( 30% )
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 The CCM is a locally-aware global topology preserving operator
 The nature of collective particle motion Is similar to Smoothed

Gravitational Potential Energy Is argmin > S wiy (d (T (Yi,Ts) — X;))!
the Distance Transform function T o= B L e I i e 3 o i -
.{:f " ‘....-‘ . ' : j’ i :,' . '...:. . :. -o._. .'::-: !i:, ‘.. ;; ':._."'. g‘ .:':.%. .: ‘
( fer ) GEe e, s D £ i
reterence 9 pq =
Mg \ I'p 1 — 2pq — I'g ik S t ] el B x
.. . B
Fperg' = —Gmy E : . 5 | 3 : ey s
: O Relativistic Gravitation Force (RGF) field
RO parameterized by per-point Gaussian Curvature of e
VN ‘reference’ '
BN : ,» 2 # ! 1 F
ot a ¢ T ' .. : ; '
S = [...,Fp—nfvp,...} | | . | ;
t t . o 3 :; ;‘ . % .:- ...‘ “::. :.- w:.. . :., .". '::.. \ U ; v
Wk — [o * o o /Up’ e o o] MOtlon ' ...... .."o..,_..-"..m“ ."'-':.-.,..,..o"‘.h ."o..._”‘_.-""‘ .."‘..,,.-,-".. .'-..,""'.-‘..::.'.:::.,: 'b.’.‘”...”.‘...‘..-s-' ".\....“’.'..-:'---V' J.."M..ﬁ/ N g - i
(0.7 io Update
_ - Initialization NRGA CPD  TPS-RPM NRICP Initialization NRGA CPD TPS-RPM NRICP
(template )" & VIt =9+ At Flo|. .., m !, 1T using Euler
time ' ] ' ;
1) Locally Multiply-Linked 9”1 = At 7/kt+1 : : ExpreSS|on MatChlng Image Reg|Strat|0n
N-Body Interaction Integration |
Coherent Collective Motion (CCM) =\ g
5 Lo S| 3
rY .o SO Al | 2] s Zd i
J J )L \ .*“ )L rY h A)L fé //} ,___;'!" Expression 1
9 j—19; o\ j*1 © "75593’ if %, ~%
Y l‘. "',1 . P 'rl'.' . ";J "'. » = N o / - "}‘
oy Ijaoiel 0 Mt b, - 2
' T b N c oy
Lo T_i,—l v _ | < =
10 10 1O with CCM without CCM -
toh s ot , e T T ) Performance Evaluation
L - - " —— NRGA CPD TPS-RPM
Expression 2 GMMReg NRICP
PR == missing data uniform
" I3 7, . e ) 0.40
5 = Y R S 35 035
qE) E) 0.30
2 0.25
0.20
0.15
% u o U 0.10 /
v = l(_%" - 0.05
with CCM without CCM Expression 12 e w0 e
Expression 3 NRGA CPD GMMReg % of noise

ii) = (Coherent Collective Motion )

Particle Hydrodynamics | W\ ﬂ }\ /)L' N /)‘; N\ ﬂ* N
Gives | |
=(v!) = |t (9) Z vl directional 3 *
= Coherency Reaisered) t Segment SRS L
Gives \ /, k\ /}( \\ /%T \\ /}( \r\
=Z(T;) = < (V) Z Ri |, (9) Z tr | , (V) Z Sk Orientation | i@ &L fj &L }j
kew; kew; ke, COherency | ody Scan Templafe ' - \ e
Template Target (R lteration 3 Iteration25  Iteration102 Iteration 125

Complexity Analysis

O( ¢ (MlogM + MpMpN + M )):O(MQN)
N N —— N e’ Vi

Acknowledgement

: . _ This work was partially supported by the project DYNAMICS
iterations  k-dtree  NRGA:N-body =~ NRGA:CCM (011W15003) of the German Federal Ministry of Education and

* Distributed N-body simulation on the regions can be solved using Fast . e L R o &7 ¥, Research (BMBF). We thank Sony Technology Center Stuttgart
Multi-Pole Method (FMM) or Barnes-Hut algorithm Initialization Iterative Distance Error (Sony EUTEC) for collaborating and sharing scan dataset.




	Slide 1

