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Abstract: [Objective] Underground coal mines commonly exhibit low illuminance, weak textures, and structuralization-
induced feature degradation. These scenes lead to challenges of insufficient effective features and high mismatch rates to
the visual simultaneous localization and mapping (SLAM) system, severely compromising its localization accuracy and
robustness. [Methods] This study proposed an edge awareness-enhanced visual SLAM method. First, an edge-aware-
ness constrained low-illuminance image enhancement module was developed. Specifically, images with clear textures

and uniform illumination were obtained using the Retinex algorithm optimized using an adaptive gradient-domain

Wfs HEA: 2024-08-23; HEHHA: 2025-02-05

EE£WHE: ERESHMLTRITH(2022YFB3304401)

F—1EE: BB, 1974494, 2, PR, M1, Bl#Ed%. E-mail: muqi@xust.edu.cn
© Editorial Office of Coal Geology & Exploration. OA under CC BY-NC-ND


mailto:muqi@xust.edu.cn
https://doi.org/10.12363/issn.1001-1986.24.08.0544
https://doi.org/10.12363/issn.1001-1986.24.08.0544
https://doi.org/10.12363/issn.1001-1986.24.08.0544
https://doi.org/10.12363/issn.1001-1986.24.08.0544
https://doi.org/10.12363/issn.1001-1986.24.08.0544
https://doi.org/10.12363/issn.1001-1986.24.08.0544
https://doi.org/10.12363/issn.1001-1986.24.08.0544

- 232 - MRS

guided filter. This significantly improved feature extraction performance under low and uneven lighting conditions.
Second, an edge awareness-enhanced feature extraction and matching module was introduced into the visual odometry.
A point and line feature fusion strategy was employed to enhance the detectability and matching accuracy of weak tex-
tures and features in structured scenes. Specifically, line features were extracted using the EDLines algorithm, while
point features were extracted using the Oriented FAST and Rotated BRIEF (ORB) algorithms. Such feature extraction
was followed by precise feature matching achieved using grid-based motion statistics (GMS) and ratio test matching al-
gorithms. Finally, the proposed method, along with the ORB-SLAM?2 and ORB-SLAM3 algorithms, was comprehens-
ively verified on the TUM dataset and the dataset of the actual underground coal mine scenes, covering multiple aspects
such as image enhancement, feature matching, and localization. [Results and Conclusions] The results indicate that on
the TUM dataset, the proposed method reduced the root mean square errors (RMSEs) of absolute and relative trajectory
errors by 4%-38.46% and 8.62%—50%, respectively compared to ORB-SLAM?2 and reduced by 0-61.68% and 3.63%—
47.05%, respectively compared to ORB-SLAM3. Experiments on the actual underground coal mine scenes revealed that
the location trajectories of the proposed method were aligned with the reference trajectory of camera motion more
closely. Furthermore, the proposed method effectively enhanced the accuracy and robustness of the visual SLAM sys-
tem in the feature degradation scene in underground coal mines, providing a technical solution for its applications in
such settings. Research on visual SLAM methods tailored for feature degradation scenes in underground coal mines

holds great significance for advancing the roboticization of mobile equipment used in coal mines.

Keywords: visual SLAM; feature degradation; edge awareness; image enhancement; point and line feature fusion; TUM
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Table 2 Absolute trajectory errors
fr— ORB-SLAM2 ORB-SLAM3 ARICT7 i AT R I R E AR T 40 /%
Wirlee2E/m  FHE/m  WTRBEE/m FE/m WOTARBE2E/m FfE/m AHILORB-SLAM2  #H[LORB-SLAM3
f1_desk 0.019 0.016 0.018 0.016 0.016 0.013 15.78 11.11
f1_desk2 0.025 0.022 0.024 0.022 0.024 0.021 4 0
fl_floor --- --- --- --- 0.166 0.142 --- ---
f1_room 0.044 0.039 0.107 0.099 0.041 0.038 6.81 61.68
2 1 loop 0.143 0.110 0.206 0.146 0.093 0.084 34.96 54.85
3 _ns_far 0.080 0.064 0.075 0.061 0.071 0.057 11.25 5.33
f3 s t far 0.013 0.011 0.012 0.010 0.008 0.007 38.46 33.33
f3_s t near 0.011 0.010 0.010 0.009 0.009 0.008 18.18 10
T -7 FORIEBIAEIZTI P URER R, JEIEHET AR
*3 HWAHLTIRE
Table 3 Relative trajectory errors
" ORB-SLAM2 ORB-SLAM3 RICT7 ik ARSI AT IR ZE AR T 43 L/ %
WrmRiREm  FEEm HUrREREm FEEm BUTRREM  FH{E/m  AIILORB-SLAM2  AfLlLORB-SLAM3
f1_desk 0.019 0.015 0.017 0.013 0.013 0.010 31.57 23.52
f1_desk2 0.019 0.015 0.018 0.014 0.017 0.012 10.52 5.55
f1_floor --- - - - 0.035 0.007 --- -
f1_room 0.022 0.016 0.022 0.015 0.012 0.009 4545 45.45
2 1 loop 0.058 0.034 0.055 0.032 0.053 0.031 8.62 3.63
f3_ns_far 0.076 0.052 0.089 0.056 0.052 0.035 31.57 41.57
f3 s t far 0.018 0.016 0.017 0.015 0.009 0.007 50 47.05
f3_s t near 0.013 0.011 0.012 0.009 0.008 0.007 38.46 33.33
TE: -7 FORZEEERTI I IRER Bk, T LR,
HISEEGAE R AT, 7R e T RLBE 95 8 2 SEH P41 7 E IR 5 T L RE A% S AL 58 SLAM $ (it v o7 2 i g AL
AR GBI AT Sk B A SRR 2R T AR A5 B 1) R 25 2R
F 4 (RBELZGTENPUTIRZE MBXHITIRE
Table 4 Absolute and relative trajectory errors under low illumination conditions BAf: m
EOL RIS AR 1 22
P54 ARSI EAR KGR 0 A7 ARSI EARME G 0 A7 i
Br iR 2 SFEH ¥ormiRze  PEIME BT iiR 2 SFIMH Wirlue:  FHE
f1_desk 0.014 0.012 0.011 0.009 0.013 0.008 0.011 0.008
f1_desk2 0.029 0.024 0.022 0.020 0.015 0.011 0.013 0.010
f1_floor 0.169 0.134 0.146 0.126 0.042 0.007 0.024 0.005
f1_room 0.081 0.075 0.070 0.063 0.013 0.009 0.010 0.008
2 1 loop 0.214 0.202 0.081 0.071 0.099 0.046 0.038 0.020
f3_ns_far 0.095 0.047 0.042 0.036 0.091 0.044 0.036 0.029
f3 s t far 0.008 0.007 0.006 0.005 0.009 0.008 0.006 0.005
f3_s t near 0.009 0.009 0.008 0.007 0.008 0.007 0.007 0.006

3)TUM il 4 e P43 #7555
R R R 22 K 9 Firn . Hidr, B
I8 T LS ] A 4T €0 X IR e R 1R 22, SCIh 4k S e,

AL VR BEAR LT AG X IR A B T ORB-SLAM2 F1 ORB-
SLAM3 B/, 15 BH A SC 735 110 58 o7 B0 5 Fe s AL EL

S, RE SLZE AR AR, PEREH 4T
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Fig.9 Trajectory error of partial sequences
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