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Abstract: Combining the convex and relaxations, and following the solution path of convex-concave problem, the path following
algorithm exhibits an excellent accuracy on graph matching approximately. In this paper, the path following algorithm is employed to

address the problem of ear matching. Firstly, the PCA method is used to construct the set of salient keypoints of 3D ear point cloud data.
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Then the neighborhood of each keypoint is fitted to a single-valued quadric surface on a tensor-product parameter domain to define the
local shape feature on the surface as the similarity measures. Next, the keypoints are triangulated into 3D topological graph using
Delaunay triangulation, and the global structure discrepancy on the graph is obtained. Finally, the overall similarity measure is marked as
the linear interpolation combination of the graph structure discrepancy and the local shape feature discrepancy, and the path following
algorithm is then used to address the optimal matching between two keypoint graphs. The experiments show that the presented method
provides a better matching result in terms of efficiency and accuracy than other similar approaches.

Key words: ear recognition; graph matching; key point; local shape feature; similarity measure; path following algorithm
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Table 1 Part of matching correspondence of ear Ear05129d002 and Ear05129d003
% 1 HJEE Ear05129d002 55 Ear05129d003 1343 UL L6 B

Identity 1 2 3 4 5 6 7 3 9
Umeyama ™) 158 122 179 33 24 139 41 147 35
Mikhail ! 3 44 2 4 60 6 5 7 12
Christian!**! 3 1 2 4 60 6 5 7 12
Ours 2 1 3 4 34 6 5 47 7
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Fig.4 Correspondence between keypoints of the same and different ears
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o PR I A P H A 350 At DT IC I, el 3 J 3 [R) — T3k, B A T i At P A Ak 5 A 2 SR FE Sl O( KL
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PRI H 2 P T SR T R I 3 8 L S AR Umeyamal V572 6 - 4 7] R J50 R AN [ R J56 UG i 11 485 4y 2 5 R &
#;Mikhail V1 Christian™* 22 04 i A% SC IV H 5 4% BB 550725 SRA 100 AT 17 )35 22 90 1) 45 4 22 S5 B /N A R B B
Table 2  Part of structural difference of Ear05129d002 matching with other ears
2 HIJE Ear05129d002 55 HoARH B R (1 45 4 22 57 00 B (8 23)

Umeyama™) Mikhail™! Christian”") Ours

Ear05129d002 0 0 0 0

Ear05129d001 0.859 6 0.653 3 0.432 6 0.3014
Ear05129d003 0.866 8 0.607 7 0.403 0 0.284 6
Ear05129d169 0.867 6 0.6357 0.434 2 0.279 0
Ear04263d001 0.863 6 0.8220 0.700 5 0.383 8
Ear04201d004 0.862 0 0.7852 0.666 9 0.3870
Ear04202d005 0.878 0 0.842 0 0.6813 0.367 8
Ear04225d002 0.863 6 0.8108 0.676 5 0.380 6
Ear04980d001 0.8772 0.802 0 0.672 5 0.392 6
Ear05002d001 0.859 6 0.778 0 0.6357 0.3622
Ear05005d001 0.8772 0.8116 0.667 7 0.3622
Ear05006d001 0.8500 0.840 4 0.717 3 0.384 6
Ear05009d001 0.8572 0.783 6 0.638 1 0.372 6
Ear05011d001 0.879 6 0.798 0 0.6717 0.3822

Ear05125d002 0.870 8 0.786 0 0.648 5 0.363 8
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Fig.8 Comparison of average structural difference
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Table 3 Part of combinational difference of Ear05129d002 matching with other ears
3 HIJE Ear05129d002 L5 HAl R R (1 41 45 22 7 0 B (7R 2))

Umeyama' Mikhail™ Christian™*! Ours
Ear05129d002 —-0.661 5 —-0.6615 —-0.661 5 —-0.661 5
Ear05129d001 0.192 0 -0.174 6 -0.309 1 -0.3777
Ear05129d003 0.201 0 —-0.205 6 -0.3355 —0.396 5
Ear05129d169 0.213 6 —0.181 8 —0.308 2 —0.394 1
Ear04263d001 0.179 6 -0.0350 -0.1129 -0.287 1
Ear04201d004 0.190 7 -0.067 3 -0.1409 —0.301 0
Ear04202d005 0.230 1 -0.0259 —0.106 4 -0.282 4
Ear04225d002 0.208 6 -0.030 5 -0.116 9 -0.2829
Ear04980d001 0.2113 -0.044 3 -0.1279 —0.284 0
Ear05002d001 0.194 7 -0.076 7 -0.166 4 -0.308 1
Ear05005d001 0.214 6 —-0.043 2 —0.134 7 —-0.303 7
Ear05006d001 0.208 0 -0.019 8 —0.098 3 —0.288 0
Ear05009d001 0.200 7 -0.074 8 -0.1657 —0.306 7
Ear05011d001 0.2323 —0.064 9 -0.147 0 -0.305 5

Ear05125d002 0.207 9 —-0.069 5 -0.1537 -0.3111
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Fig.11 Intensity image of probe ear and gallery ear matching
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