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Reassembly of Fractured Fragments Based on Spanning Tree Cost and

Geometric Constraints

HU Jia-Bei' ZHOU Peng-Bo* GENG Guo-Hua! CHEN Xiao-Xue' YANG Wen' WANG Piao’

Abstract In the process of automatic reassembly of fractured fragments, the traditional methods based on geomet-
ric feature matching are sensitive to noises, which leads to mismatching points/fragments. An automatic reas-
sembly method based on spanning tree cost and geometric constraints is proposed. Firstly, n features with signific-
ant concavity or convexity on the fracture surfaces of the fragments are extracted using the curvature function.
Then, the topologies of the features are reconstructed, therefore, the n-th order weighted undirected complete graph
and its minimum and maximum spanning trees can be constructed by setting the Euclidean distance between the
feature points as the weights; thus the cost of spanning trees are utilized as the adjacency constraint in order to
quickly screens the potential matching fragments. Furthermore, the feature strings are formed by aggregating the
main curvatures of the feature points, and the Hausdorff distance is used to measure the similarities between the
two feature strings. Consequently, the matching pieces of fragments can be effectively detected. Finally, the qua-
ternion method is performed to complete the coarse alignment of adjacent fragments, and then the iterative closest
point algorithm (ICP) is used to achieve precise alignment. The experimental results demonstrate that the reas-
sembly error is less than 1mm, and compared to the traditional method, the number of feature points used in the
proposed method is relatively small, and the computational complexity is reduced, which effectively improves the ef-
ficiency and accuracy of fragments reassembly.

Key words Reassembly of fragments, weighted undirected complete graph, minimum (maximum) cost sum, Haus-
dorff distance
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Fig.5 Correspondence of feature points on the fracture surfaces
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Fig.7 Reassembly results of some right arm adjacent fragments of Warriors of G10-57
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Fig.9 Reassembly results of some adjacent fragments of Warriors of G3-2
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Fig.10  Comparison of results from different literature methods

Horb, RONHEHESERE, ¢ R FRAERE. PR VI — ORI
PLAE AR EHAG, W4 CRMS(P, Q) TR ik 5] G
B, JRIR, TEEET-AE OB R RIDTICIA B, A St SRR b, AL, M5 FREE -t AT

HANRUCHL AT et T3k T T AR LA



954 =l 3 1t =2 Eitd 46 &
*£ 2 ARBEZMERENT

Table 2

Performance comparison of different algorithms

Running time (s)
Experimental data

Reference [17] method Our method

Recombination error (mm) Initial match rate

Reference [17] method Our method Our method

brick1#-2# 23.596 14.748 1.2235 0.8842 0.04
brick3#-4# 19.236 13.472 1.4596 0.9151 0.06
brick1#-24t- 3444 28.197 20.643 1.2788 0.8962 0.02
brick5#-6# 41.259 37.941 1.2824 0.8027 0.08
brick7#-8# 25.845 19.739 1.3205 0.8425 0.04
brick7#-8#-9# 46.347 40.675 1.4752 0.9304 0.02
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