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Introduction

m Point-wise Map Recovery and Refinement from Functional
Correspondence by Rodola et al. [E. Rodola, 2015]
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3D Shape Matching

Figure : Finding Correspondence Between Shapes
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Figure : Correspondence Matrix
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3D Shape Matching

Figure : Functional Mapping
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3D Shape Matching
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Figure : Point-To-Point Recovery
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Coherent Point Drift (CPD) - Algorithm

Non-rigid point set registration algorithm:

M,N
1 ;
o Initialization: W = 0,02 = DN g lIxn — ym||2
m,n=1

e Initialize w(0 <w < 1), >0, A >0,
. P

o Construct G: g;; = exp 27° lyi=ysl*
e EM optimization, repeat until convergence:
e E-step: Compute P,
oo = exp” 37 IXn—ym 4G (m W12

- i i 2

T =M exp*mﬂxn*(m*‘c(’cﬁw)ﬂ - (2««21)VD/2M

v 1v1-au—:y.
- Solve (G + A\o?d(P1)"))W =d(P1)"'PX - Y
-Np=1TP1, T=Y + GW,
0% = gy (tr(XT d(PT1)X) — 2tr((PX)"T)+
tr(TT a(P1)T)),
e The aligned point setis T=7(Y,W) =Y + GW,
e The probability of correspondence is given by P.
Figure : CPD Algorithm: Pis M x N [Myronenko and Song, 2010]
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Coherent Point Drift (CPD) - Implementation

m Algorithm

m CPU version uses several loops

m Matrix P (M x N) is never actually calculated
m GPU Implementation

m Utilize optimized libraries (CuBLAS)
m Vectorize operations
m Use matrix slicing to circumvent memory limitations
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Coherent Point Drift (CPD) -Evaluation

CPD Part1:7000 Points CPD Part 1 : 10000 Points
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Figure : Average Runtime for 7000 and 10000 Points
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Linear System Solver
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Linear System Solver

m Large, Dense Linear System of Equations (LSE)
m Memory Limitations

m Libraries and approaches (CuSolver, CULA, MAGMA,
CuBLAS, Matlab)
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Linear System Solver - Evaluation

LSE Solver - 7000 Points

16.00
14.00 13.4213.50
)
o 12.00
£
=
= 10.00
o
® 800
2 5.92 5.90
£ 6.00
S
@ 400 - 3.20 3.53
z 2.28 2. 173 224
0.00 |
MLdivide CULA lterative + CULA double CULA float QR double QR float
MLdivide
5 Iterations M 50 Iterations
David Dao, Johannes Rausch, Michal Szymczak: Matching Deformable 3D Shapes 15/19



Computer Vision Group Tm

Technische Universitat Manchen

Total Runtime

Total Runtime for 5 Iterations
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Conclusion and Future Work
m Consider single precision for whole computation
m Current implementation relies on double precision in CPD

m Utilize the new GPU Cluster at the Vision Chair
m Develop approach that does not rely on huge, dense LSE
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