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Abstract A parallelizable incremental structure from motion (SFM) recovery reconstruction algorithm is employed to address low
efficiency and susceptibility to scene drift when reconstructing large-scale unmanned aerial vehicle image datasets. First, the
vocabulary tree image retrieval results are used to constrain the spatial search range and improve the efficiency of image feature
matching. Second, by considering the feature matching number and the global positioning system (GPS) information obtained by
the drone platform, an undirected weighted scene map is constructed, and a normalized cut algorithm is selected to divide the scene
map into multiple overlapping subsets. Further, each subset is distributed on multicore central processing units (CPUs), and the
incremental SFM reconstruction algorithm is executed in parallel. Finally, based on the strategy of common reconstruction points
between subsets and priority merging of strongly correlated subsets, subset merging is achieved. In addition, combining GPS
information to add positional constraints to the beam adjustment (BA) cost function eliminates the errors introduced by each BA
optimization execution. To verify the effectiveness of the algorithm, experiments are conducted on three unmanned aerial vehicle
datasets. The experimental results show that the proposed algorithm not only significantly improves the efficiency of pose
estimation and scene reconstruction compared with the original incremental SFM reconstruction algorithm but also reasonably

optimizes the accuracy of the reconstruction results.
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Fig.1 The incremental SFM reconstruction process
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Fig. 4 The retrieval results of the query image based on the vocabulary tree
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Fig. 5 Normalized cut result

R SRR S RS R S NS T )
KR AT IH — AR 50 3 R i 8 e KT B K
AR T4 S R NI EARAEERN THS .S, H
Fr A TR E N B Ko A, T O 8
THEAI A5 B A TR TR P RASR I
K6 s, 7 J 2 B v R AR AR WA 1 Z 18] e U3 — 1k
HD IR ZR I E AR AEE W B HEE SRR R
HEA W N B3 B B 2 09 AN TRV, Vs [R] R
ESIR U N R B S L B e uip 2L 7 S B 7R a S
A T A B B PR A oy B[R] — R p N R T AR

0811002-4



e ® o O ® o
[
® O-@
* %, O.o..‘
0060 o gAA
] o o o o ®
O
o°.0 o070
Q ° [
'. 2 @ @ e
K6 THEY R

Fig. 6 Subset expansion
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Fig. 7 Subset merging process
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Table 1 Performance comparison of the four algorithms
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Dataset Method N point .
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Fig. 9 Reconstructed visualization results. (a) ColMap; (b) Metashape; (¢) VisualSFM; (d) proposed method
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Table 2 BA optimization runtime unit: min

Method Datasetl NPU _phantom3 NPU _Central
ColMap 23.062 89. 401 493.849
VisualSFM 6.334 21.662 137.961
Metashape 34.183 63.854 211. 402
Proposed method 8.327 18.392 100. 631
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Table 3 Feature matching run time unit: min
Method T, T o
Datasetl 10. 052 6. 547

NPU _phantom3 49. 819 17.799
NPU _Central 263.951 56. 872
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