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Abstract: [Objective] Low illumination, weak textures, and degraded structured features are commonly found in underground
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coal mines, resulting in insufficient effective features or high mismatch rates in Visual SLAM (Simultaneous Localization and
Mapping) systems. This severely limits the accuracy and robustness of localization. [Methods] An edge aware enhancement
based Visual SLAM method is proposed. Initially, an edge aware constrained low light image enhancement module is constructed.
The Retinex algorithm is optimized with an adaptive scale gradient domain guided filter to obtain images with clear textures and
uniform illumination, sensibly improving feature extraction performance under low and uneven lighting conditions.
Subsequently, an edge aware enhanced feature extraction and matching module is built in the visual odometry. It enhances
feature detectability and matching accuracy in weakly textured and structured environments. The point and line features are
extracted using ORB(Oriented FAST and Rotated BRIEF) and EDLines(Edge Drawing Lines) algorithms, with precise matching
achieved through GMS(Grid-based Motion Statistics) and ratio test strategies. Finally, the method is evaluated on the TUM
dataset and an underground coal mine real world dataset, in comparison with ORB-SLAM?2 and ORB-SLAM3, covering image
enhancement, feature matching, and localization. [Results and Conclusions] The results show that (1) on the TUM dataset, the
proposed method reduces the root mean square error of absolute and relative trajectory errors by 4%~38.46% and 8.62%~50%
compared to ORB-SLAM2, and by 0%~61.68% and 3.63%~47.05% compared to ORB-SLAM3, respectively; (2) in
underground coal mine real world dataset experiments, the localization trajectory of the proposed method is closer to the camera
motion reference trajectory; (3) the proposed method effectively improves the accuracy and robustness of Visual SLAM in
feature degradation scenes in underground coal mines, providing a technical solution for the application of Visual SLAM
technology in coal mines. Research on Visual SLAM methods for degraded feature scenarios in underground environments is
important for advancing the robotization of mobile equipment in coal mines.

Keywords: visual SLAM; feature degradation; edge awareness; image enhancement; point and line feature fusion; TUM dataset
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2 1 loop 0.143 0.110 0.206 0.146 0.093 0.084 34.96 54.85
f3 ns_far 0.080 0.064 0.075 0.061 0.071 0.057 11.25 533
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
e 7 RINZEEEZFIIPHIIREEE K
3 HEMPITIRZE(Er)
Table 3 Relative pose error( Egp)
ORB-SLAM2 ORB-SLAM3 AT * Iﬂgfé%@%%%
FAE wgim vl B CP® 5 P MHILORB- AL ORB-
R/ m {H/m R/ m fE/m WR#E/m {H/m SLAM2 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 0.0074
f1_room 0.022 0.016 0.022 0.015 0.012 0.009 45.45 4545
£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
3 s t far 0.018 0.016 0.017 0.015 0.009 0.007 50 47.05
f3s t near  0.013 0.011 0.012 0.009 0.008 0.007 38.46 33.33
e 7 RINZEEEZFIIPHIREEE K

2) KIRE TUM s 48 &5 1 SE it

g EETEAL RGO L5 SLAM JE A 1 BE
FIFETHECR, XF 8 41 TUM Fral AT &t A i B 7
PR RS b 2, DABLIDMICHR BE 2 1, s s gt R 0

R 4. HISRIGEE R, FERATEGIE RS 8 ALk

FEHI e AL RS FE AT B R 3R T B0AIE 7 AU Z K
TN B R M 5 77 1 RE S AL SLAM $R it i i
WA, AT FRAS B HERA 1 4 2R

T4 RBEFHTENPIIREEax ) MBEPIEIRZE(Er)

Tabled Absolute trajectory error( Eor ) and relative pose error( Egp ) in low light

— TAE T — AR
FeAl%, o AT e e ARSIk
BT Pl MpR P BoPR Pl B Pl
RZ/m {f/m RZ/m {fi/m RZ/m {t/m iRZE/m {ii/m
fl_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
fl_room 0.081 0.075 0.070 0.063 0.013 0.009 0.010 0.008
f2 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
f3_s_t far 0.008 0.007 0.006
f3_s_t nea

0.009 0.009 0.008
r

0.036 0.091 0.044 0.036 0.029
0.005 0.009 0.008 0.006 0.005
0.007 0.008 0.007 0.007 0.006
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Fig.9 Trajectory error of partial sequences
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Fig.10 Underground water pump room scene
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Fig.11 Localization experiment in underground water pump room
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Fig.12 Underground fully mechanized mining face scene
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Fig.13 Localization experiment in underground fully mechanized
mining face
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