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Improving ORB-SLAM Performance in Low-Texture

Environments through Adaptive Image Augmentation and
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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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3], IM 7|4 22 Low-Texture 74 01]/\1 Za} A8 715 g
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Z 227} 146 — 3192 F 118.5% 27135t AL Q1% 4= Qi)
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X Low-Texture {4 EXAA A& L7 AMAC R A
= AAE HAH Bhd, A|RFE ORB-SLAM + IM + AT
(Proposed) 512 IMI} ATS] AAS Aslelo] 2t S
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Low-Texture-Near 3304 EAA AE = 146 — 4122
Z7)slo] IM @ 22 tfH] 9k 29.1% T B2 EAAHS AE
519ttt E3h IMYF ATS] A3 Low-Texture 384 o}
2} High-Texture 2HF oA = 8340 2 AR50, ATH 1
Ho] 7] ORB-SLAM thH| B2 0 = 30.5% & @2 E7
= HE01952S HolEth Low-Texture A= W2 )
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[Table 1] Description of Dataset
No structure Structure
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
Text Low textur High Text
Multiple Textureless white Multiple posters exture ow texture gh Texture
Summary |  conference Jastic foil with strong far | near | far | near | far | near
posters plastic o textures ORBSLAM | 1023 | 1029 | 146 | 1030 | 169 | 1063
+IM 1139 | 1192 | 319 | 1008 | 325 | 1077
+AT 1197 | 1102 | 149 | 1007 | 121 | 1203
Image m—r
niversi + +
” M+ AT 1290 | 1132 412 | 1076 | 496 | 1203
LR\ (Proposed)
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[Table 3] Number of ORB Features Matching IM &5 A& A AEH B4 F 9= ol 2= Qls viA
No structure Structure A koo, ATE Mo =N HEH 44 5 4t
Texture Low texture High Texture SR ol EEFH . o= A 852 7i4del SLAM
far | near | far | near | far | near AARY A 24 S 2ol v 58 AT P2
ORBSLAM| 163 | 183 | 50 | 136 | 45 | 166 HofETh ET, [Table 4]ofl4] ShRIgh 4 31RO, QA7) 7
+IM 116 | 125 76 124 84 138 2 o A= 2 dAIgko] A-8= o] 9u| = BT
+AT 197 | 181 | 29 | 215 | 32 | 162 AeE|9lon, IMO & Q18] Z7hd o] 2E T o] 243
FIMHAT | ool ol e | e | s 187 29 ¢ vdﬁ]%lg 2 Bl AlAE 3—16—‘] o& QPY e Rl
(Proposed) o|e} &2 A Aik= IMIt ATE A7 AR HiHo] 71&
ORB-SLAM thH] o] B2 EAH S A&, 4D EJH 5
[Table 4] Adaptive ORB Threshold A5t ijHS BASHO 24 A SLAM A5-S 2ot 2
No structure Structure NS YZsh} o] = E5] Low-Texture T 4] 7]& W ZE
Texture Low texture | High Texture B} ehsl A2 uls)shm, Aok Bl¥o] SLAM A|AEQ]
far | near | far | near | far | near T HEE SO AR SE HoETh
+AT 15 14 7 15 7 17 E3SH A|QFE ORB-SLAM + IM + AT HPH-L- [Table 5]9]14]
+IM+AT | 27 | 18 | 11 | 18 | 9 | 18 B 2 9= 2y1x0] AXL IS Takshats AlA|7E g
/A5 35S U5 71 ORB-SLAME T B A 0=
[Table 5] ORB SLAM Tracking time (ms) g 71 Z2A A7FS B o}, 37| Ty g o) 0.08%2] A7+
No structure Structure o] &g o] A7 A 2] 7]&(30fps) THE3tT
Texture Low texture High Texture [Table 6] Z+ 7] | ] Th3t 7HH e} 3 £2] RMSE #k=
far | near | far | near | far | near H| w3} Aitolct. AQFE ORB-SLAM + IM + AT B2 T £
ORBSLAM | 0.04 | 004 | - - 1003 | 0.04 9] Hlo]ElAlof| 4] 7] ORB-SLAME T} -2 RMSE 41 7
+IM 0.06 | 0.06 | 0.05 | 0.06 | 0.04 | 0.06 25}9t}. £3] Low-Texture-Near 273 0f| Al RMSE=0.16 moﬂ
+AT 0.06 | 0.06 - 0.06 - 0.06 A1 0.03 m=z 2F 81.3% AT o] 83t A= EAH 4
CIMEAT ) 508 | 008 | 006 | 008 | 0.06 | 0.08 R B ol 1K 8] S sele vl 710 ‘ﬁﬁ
(Proposed) 2 3}5] B oJ 2T} Texture-Far $730]4 % RMSE7} 0.85 m

]/ﬂ 0.59 mz 2} 9F 30.6% 7]’/\0}04 1;].0(}:6]- 1—31/\21 27-101]/\15
[Table 3] U1l ORB 5747 2] e+ B| w3t} ORB- 2 Ad52 AESIAT [Fig. 8191 A4 Blaof AL el
SLAM +IM&] 73-%- o] 2] A2 & Q1sf A 270l A o] o= ol Al RS 7] ORB-SLAMY} B] 2/ 510] T
27} 371510 th3 AJ0] A= 9ot Al ORB-SLAM gt A%S §AI51910m, 53] Low-Textre 34 7
+IM+ AT HPEL 289 AR 292 Bo oleldt BAIS Mo Qi< gabgol BakEsick ol B vl Aol
231210 2 S 2slelch o B0l No-Tevtre -Near 9700] 7124 2 Bk Wb Q2510 92 & Alapehe, Aot
A o E B9 S 50— 8 oF 56% F715ISIch Bal,  H o] 917 Q14 A5 NG B % Ak

[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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