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Loop Closure Detection Algorithm Based on Single Frame-Submap
Descriptor Matching

Dong Lianxin’, Wang Kangnian, Huang Zhanhua
Key Laboratory of Optoelectronics Information Technology, Ministry of Education, School of Precision
Instrument and Opto-Electronics Engineering, Tianjin University, Tianjin 300072, China

Abstract Small viewing field of the solid-state LiDAR makes loop closure detection difficult. Therefore, a loop closure
detection method based on single frame-submap descriptor matching is proposed. First, to obtain a submap with the pose
provided by the front-end odometry, several frames of point clouds are spliced, then the descriptors of the submap are
obtained, and their positions are added to the KD tree. Second, for each current frame, the KD tree is used to search
candidate submaps, and the descriptor is obtained after projecting to the submap coordinate system according to the pose
getting from odometry, so as to realize the rotation and translation invariance of the descriptor. Then, the binary
descriptor is used for alignment, and the mask method is used to calculate the similarity between the current frame
descriptor and the submap descriptor. Finally, the CEB-ICP algorithm is used to register the qualified loop closure pairs to
obtain the loop closure factors, and factor graph optimization is carried out. Experimental tests are carried out in open
source data sets and real outdoor environments. The results show that the algorithm can reduce the cumulative error under
long-distance operations and improve the accuracy of positioning and mapping under the premise of satisfying real-time
performance.
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Fig. 3 Comparison of SC descriptor of the submap and current

frame that forms a loopback. (a) SC descriptor of the

submap; (b) SC descriptor of current frame
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Fig. 4 Comparison of SC descriptor between current frame and historical frame. (a) SC descriptor of submap; (b) binary descriptor of

current frame; (¢) submap SC descriptor obtained with Fig. 4 (b) as the mask; (d) SC descriptor of current frame
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Fig. 5 Pre-registration schematic diagram of two frame point

clouds forming a loopback
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Fig. 6 Registration results obtained by CFB-ICP
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Fig. 8 Location and equipment of campus data collection. (a) Satellite map of the data collection area, where the five-pointed star is

the starting point and the ending point of data collection process, and the rectangular frame is the loopback area; (b) handheld

experimental platform
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Table 1 Comparison between ICP algorithm and CFB-ICP algorithm

Method of point cloud registration Quantitiy of success MSE when success /m” MSE /m’ Time /ms
ICP algorithm 4 0.072 10. 724 227
CFB-ICP algorithm 20 0.053 0.071 126
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Fig. 9 Comparison of the global map under FR-IOSB dataset between the original FAST-LIO2 algorithm and after adding the
loopback algorithm. (a) FAST-LIOZ2; (b) FAST-LIO2 —+ loopback algorithm
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Fig. 10 Comparison of the local map under FR-IOSB dataset between the original FAST-LLIO2 algorithm and after adding the

loopback algorithm. (a) (d) scene 1; (b) (e) scene 2; (c) (f) scene 3

T T
#/fm

-100 —FAST-LIO2
FAST-LIO2+loopback algorithm
150 FASTER-LIO
- = FASTER-LIO+loopback algorithm
L L 'l

1 i 1 L

00
-200 -150 =100 50 O 50O 100 150 200
a/m

P LT A el 5 4 T 4% A RSk 5 4 I T B 5 O Y
BN
Fig. 11 Comparison of trajectories of each original algorithm in

campus dataset with adding the loopback algorithm
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Fig. 12 Three-dimensional trajectories of each algorithm in campus data set. (a) Before and after FAST-1.102 adding loopback;
(b) before and after FASTER-LIO adding loopback
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Table 2 Comparison of the starting point and the ending point errors of each algorithm

Method of front-end

Error in x /m

Erroriny /m Errorinz /m Total error /m

FAST-LIO2 0. 318
FAST-LIO2+loopback algorithm 0.135
FASTER-LIO 0.247
FASTER-LIO+loopback algorithm 0.166

1. 065 1.947 2.242
0. 145 0.189 0.274
0. 709 1. 304 1. 505
0.244 0.026 0.296
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Fig. 13 Comparison of the global map under campus dataset between the original FAST-LIOZ2 algorithm and after adding the loopback
algorithm. (a) FAST-LIOZ2; (b) FAST-LIO2+loopback algorithm
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Fig. 14 Comparison of the local map under campus dataset between the original FAST-LIOZ2 algorithm and after adding the loopback

algorithm. (a) (d) scene 1; (b) (e) scene 2; (¢) (f) scene 3
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Table 3 Time-consuming analysis of the main steps of the algorithm

Getting binary Aligning binary

Getting SC /ps
e = SC /s SC /s

SC similarity
judgement /s

Graph Point cloud

optimization /ms registration /ms
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