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Improving ORB-SLAM Performance in Low-Texture
Environments through Adaptive Image Augmentation and
Threshold Adjustment
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Abstract: This paper proposes adaptive image augmentation and preprocessing techniques to improve
the performance of the ORB-SLAM?2 system in low-texture environments. In such environments,
ORB-SLAM?2 often experiences degradation in pose estimation accuracy and system stability. The
proposed method analyzes the texture characteristics of images using a Laplacian mask, dynamically
adjusting sharpness and contour extraction to effectively enhance structural details in low-texture
images. Additionally, an adaptive ORB feature thresholding mechanism is introduced to prevent
excessive feature extraction caused by image augmentation, thereby improving accuracy in both low-
and high-texture regions. Experimental results show that the proposed method significantly increases
the number of ORB features, the number of matched features between consecutive frames, and the
proportion of frames in a stable tracking state. These improvements are particularly pronounced in
low-texture environments, enhancing the overall stability and accuracy of the ORB-SLAM system.
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[Fig. 1] Number of ORB Features and Tracking Status in ORB-SLAM2 System Based on Texture (a) High Texture Sequence, (b) High
texture Features and State (c) Low Texture Sequence, (d) Low texture Features and State (State 2.5 = Initialization, 1.5 =Tracking, 0.5 =Lost)
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[Table 1] Description of Dataset
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Texture Low texture High Texture [Table 2] Number of ORB Features
far near far near far near
No structur Struct
Image | 464 | 1682 | 814 | 1082 | 938 | 1099 o Stucture Tuctre
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[Table 6] Comparison Results of Camera trajectory on TUM {13 dataset

ATE-RMSE [m] RPE-RMSE [ms]

ORB-SLAM | PL-SLAM Pigfls‘iug/[ Ours | ORB-SLAM | PL-SLAM Pfgfl;tji?\/[ Ours
nst t f 0.85 - 0.59 0.59 3.28 - 1.45 0.85
nst t n 0.47 0.54 - 0.45 0.7 0.75 - 0.72
st nt f - - 1.16 0.5 - - 16.7 1.52
st nt n 0.16 - - 0.03 3.62 - - 1.32
sttf - 0.89 0.83 0.91 - 0.43 0.37 0.66
sttn 0.27 0.44 0.23 0.23 0.5 0.56 0.7 0.5
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[Fig. 8] Keyframe trajectory comparison of the six sequences. Proposed (blue), ORB-SLAM (green), PL-SLAM (red), and
Structure-PLP-SLAM (purple). (a) No-structure Texture-Far, (b) No-structure Texture-Near, (c) Structure No-textureFar, (d) Structure
No-texture-Near, () Structure Texture-Far, (f) Structure Texture-Near
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