§34 % 13 e M TR Vol.34 No. 13
2026 4 7 A Optics and Precision Engineering Tul. 2026

XEHS 1004-924X(2026)13-2109-15

ETFBHEOSRAEFHEN SN
EREMEEE @f%*ﬁiﬂ“

FoRWB', B4R, TR, 2EE, HNE?, BAT!
(1. EEIRAZ HEZRAGEXK,TH AHM 450001;
2. W E ARMKE 613653, K 300142)

HE  Z P05 [F B 2 17 5 2 (Simultaneous Localization and Mapping, SLAM ) [1] #5461 43 4 L% A P9 38 1] 35 FlHL 2%
N TE]RVER 3 530 T T e 348 2008 0 A R AL e A TR) 8RR X o2 22 2R M, BE XS Z2 WL S8 SLAM 72 B8 4k 55 0 22 55 37 50 1 [l
BRI 25 AT B 5y 77 A 5% DG T 5 e Ay ) 180, 488 s — B 1 3 2 2 10 5 L0 OC R 1 0 9 22 LA 5 SLAM [m] 246 1 7
o L T B B A TR e L AR P AR AL JRE A 4 1 X (R Ty 2 R R ke )R] e A [l B D e (B R, B X
B N P38 0] 55 L& o 7 3% B2 P R A, TN T 38 108 0 1 3 — SO AG 50, 7 800 B e AR RL 3 55 05 k1 1 AR R D
Bt o 3w, BT T A5G R IG 9R AG JLAT RS I8 T vk 5 5 A S A A ) S P O R B A kAR v T el A
Bt o SR AN BEIE RIS 37 500 2 0 B S HEAT 1 SR IR 25 R R B AR L DBOW 2 Jr ik, Jir 4 5 125 A ) 3 5 e [l
I LR T T 650 DL L A X HL iR 25 BT T 10. 0%6~63.7% -

X £ R EEZFAGIMALRAN T LA MEAADT MEARNDL;FHE o ;AL R
RESHES:TP391.4;TP242  XEIRIREG:A

doi: 10. 37188/0OPE. 20263413. 2109 CSTR:32169. 14. OPE. 20263413. 2109

Multi-robot visual SLAM loop closure detection using sliding

window and co-visibility relationship enhancement

QI Guangyu', LI Linyang' ', WANG Ancheng', LI Yibo', GUO Wenzhuo’, ZHAO Dongging'

(1. School of Surveying and Mapping , Information Engineering University, Zhengzhou 450001, China;
2. 61365 Troops of the Chinese People's Liberation Army, Tianjin 300142, China)
* Corresponding author, E-mail: linyangli@whu. edu. cn

Abstract: In multi-robot visual Simultaneous Localization and Mapping (SLAM) , loop closure detection
consists of intra-robot and inter-robot loop closures, serving local trajectory optimization and inter-robot
relative pose estimation, respectively. Nevertheless, it remains challenged by illumination changes and
viewpoint differences, resulting in false matches and missed detections. Loop closure detection in multi-ro-
bot visual SLAM is challenged by illumination changes and viewpoint differences. These conditions lead
to false matches and missed detections. This paper proposes a robust loop closure detection method with

three contributions. First, a sliding-window candidate frame screening mechanism is designed. It adapts
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the detection threshold using the mean and variance of image similarity scores. This strategy effectively
prevents missed loop closures. Second, a sliding-window temporal consistency test is introduced. It ex-
ploits the temporal continuity of intra-robot loop closures. This test eliminates spurious false matches
caused by similar scenes. Third, a covisibility-enhanced geometric verification method is developed. It
constructs a local submap by leveraging covisible neighbor frames. This expands the observation field and
improves verification quality. Experiments are conducted on multiple datasets from outdoor, tunnel, and
underground scenes. Compared with DBOW 2, the proposed method increases the proportion of high-qual-
ity loop closures by more than 6% . The absolute trajectory error is reduced by 10. 0% to 63.7%.

Key words: multi-robot visual simultaneous localization and mapping; intra-robot loop closure; inter-ro-

bot loop closure; sliding window ; co-visibility relationship
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Fig. 1 Multi-robot visual SLAM framework based on improved loop closure detection method
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Tab.1 Characteristic analysis of two types of loop closure
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Tab.3 Unmanned platform device models and detailed specifications
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Tab.4 Data distribution of different loop qualities
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Tab.5 Statistical results of ATE using public and self collected datasets (m)
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Tab.6 Real-time analysis results (ms)
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