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Abstract

This paper investigates an efficient visual inertial simultaneous localization and mapping (SLAM)
method based on point and line features. Improve traditional line detection models by short-term
fusion, uniform distribution of line features, and adaptive threshold extraction to obtain high-qual-
ity line features for constructing SLAM constraints. A line optical flow tracking method is proposed
based on the assumption of grayscale invariance and collinearity constraints. The experimental re-
sults show that the algorithm improves the efficiency and positioning accuracy of line feature de-
tection and matching.
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Figure 1. System framework diagram
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Figure 2. Runtimes of line feature detection and tracking.
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Table 1. RMSE ATE [m] comparison results
7% 1. RMSE ATE [m]bLE 4R

MH_01 MH_02 MH_03 MH_04 MH_05

VINS-Mono 0.2023 0.1879 0.2281 0.3697 0.2968
PL-VINS 0.2159 0.1933 0.2177 0.2471 0.3254
E-PL-VINS 0.2245 0.1968 0.2195 0.2476 0.3248
PL-F-VINS 0.2059 0.1812 0.1624 0.1622 0.2185
EPLF-VINS 0.1404 0.0879 0.1137 0.1826 0.1817
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Figure 3. Experimental results on the TUM VI benchmark dataset. (a) The red line in the middle represents the line detection
and matching visualization of PL-VINS. (a) The green line (detection line) and blue line (tracking line) on the lower side
represent the results of our algorithm. (a) Comparison results of line feature extraction and tracking with PL-VINS. (b) PL-
VINS line chart. (c) EPLF-VINS line chart

[E 3. TUM VI EEHIEE FRISKIGEER . ()P RLIZ3R7R PL-VINS BN A AT . () TMBYSRZE(MIZK)
L (BRE)RTENNEELER . ()5 PL-VINS HIEAFHERBUS IRERXLLAER . (b) PL-VINS ZF2[E . (c) EPLF-
VINS 2 [E

6. &it

FATFR I 1 — b g it o AL A 2 A I AN R B B0, 2 SRR T I SOt A R AR AR I SRS S v 1 2R AE
(5 o 2R IR PR R 2% LU AL GE 1) LBD VLSSV TE A R0 BRAh, SR T — Bl 2R AR T S A A Sk R ik 22,
DATH B 2 i s B ZE Al v 152 . FRATTAE ] EuRoC TUM VI Al KAIST VIO 4 B4 fit 78 S0P Al AT mT 44
SR . HESEHERIENEMEL, BATRSEE T AR T, 1531045 R 0 e .

SE

[1] Huang, G. (2019) Visual-Inertial Navigation: A Concise Review. 2019 International Conference on Robotics and Auto-
mation (ICRA), Montreal, 20-24 May 2019, 9572-9582. https://doi.org/10.1109/icra.2019.8793604

[2] Mourikis, A.I. and Roumeliotis, S.I. (2007) A Multi-State Constraint Kalman Filter for Vision-Aided Inertial Navigation.
Proceedings 2007 IEEE International Conference on Robotics and Automation, Rome, 10-14 April 2007, 3565-3572.
https://doi.org/10.1109/robot.2007.364024

[3] Qin, T., Li, P. and Shen, S. (2018) VINS-Mono: A Robust and Versatile Monocular Visual-Inertial State Estimator. /[EEE
Transactions on Robotics, 34, 1004-1020. https://doi.org/10.1109/tr0.2018.2853729

[4] Gomez-Ojeda, R., Moreno, F., Zuniga-Noel, D., Scaramuzza, D. and Gonzalez-Jimenez, J. (2019) PL-SLAM: A Stereo
SLAM System through the Combination of Points and Line Segments. /EEE Transactions on Robotics, 35, 734-746.
https://doi.org/10.1109/tr0.2019.2899783

[S1 Zhang, G. and Suh, L.H. (2011) Building a Partial 3D Line-Based Map Using a Monocular SLAM. 2011 [EEE Interna-
tional Conference on Robotics and Automation, Shanghai, 9-13 May 2011, 1497-1502.
https://doi.org/10.1109/icra.2011.5979665

[6] Smith, P., Reid, I. and Davison, A. (2006) Real-Time Monocular SLAM with Straight Lines. The British Machine Vision
Conference BMVC, Edinburgh, 4-7 September 2006, 17-26.

[71 Zhou, H., Zou, D., Pei, L., Ying, R., Liu, P. and Yu, W. (2015) StructSLAM: Visual SLAM with Building Structure
Lines. /IEEE Transactions on Vehicular Technology, 64, 1364-1375. https://doi.org/10.1109/tvt.2015.2388780

[8] Ruifang, D., Fremont, V., Lacroix, S., Fantoni, I. and Changan, L. (2017) Line-Based Monocular Graph SLAM. 2017
IEEE International Conference on Multisensor Fusion and Integration for Intelligent Systems (MFI), Daegu, 16-18 No-
vember 2017, 494-500. https://doi.org/10.1109/mfi.2017.8170369

[91 Fu, Q., Wang, J., Yu, H., Alj, L., Guo, F. and Zhang, H. (2020) PL-VINS: Real-Time Monocular Visual-Inertial SLAM
with Point and Line. https://arxiv.org/abs/2009.07462

[10] Zhao, Y. and Vela, P.A. (2018) Good Line Cutting: Towards Accurate Pose Tracking of Line-Assisted VO/VSLAM.

DOI: 10.12677/jisp.2025.142021 230 & 555 Ak #


https://doi.org/10.12677/jisp.2025.142021
https://doi.org/10.1109/icra.2019.8793604
https://doi.org/10.1109/robot.2007.364024
https://doi.org/10.1109/tro.2018.2853729
https://doi.org/10.1109/tro.2019.2899783
https://doi.org/10.1109/icra.2011.5979665
https://doi.org/10.1109/tvt.2015.2388780
https://doi.org/10.1109/mfi.2017.8170369
https://arxiv.org/abs/2009.07462

o

15th European Conference on Computer Vision, Munich, 8-14 September 2018, 527-543.
https://doi.org/10.1007/978-3-030-01216-8 32

[11] Wang, Q., Yan, Z., Wang, J., Xue, F., Ma, W. and Zha, H. (2021) Line Flow Based Simultaneous Localization and
Mapping. IEEE Transactions on Robotics, 37, 1416-1432. https://doi.org/10.1109/tr0.2021.3061403

[12] He, Y., Zhao, J., Guo, Y., He, W. and Yuan, K. (2018) PL-VIO: Tightly-Coupled Monocular Visual-Inertial Odometry
Using Point and Line Features. Sensors, 18, Article No. 1159. https://doi.org/10.3390/s18041159

[13] Akinlar, C. and Topal, C. (2011) Edlines: A Real-Time Line Segment Detector with a False Detection Control. Pattern
Recognition Letters, 32, 1633-1642. https://doi.org/10.1016/j.patrec.2011.06.001

DOI: 10.12677/jisp.2025.142021 231 & 555 Ak #


https://doi.org/10.12677/jisp.2025.142021
https://doi.org/10.1007/978-3-030-01216-8_32
https://doi.org/10.1109/tro.2021.3061403
https://doi.org/10.3390/s18041159
https://doi.org/10.1016/j.patrec.2011.06.001

	基于线流特征的视觉惯性SLAM算法
	摘  要
	关键词
	Visual Inertia SLAM Algorithm Based on Point Line Flow Features
	Abstract
	Keywords
	1. 引言
	2. 系统概述
	3. 线特征测量模型
	3.1. 直线表示
	3.2. 观测模型

	4. 线特征检测与跟踪模型
	4.1. 改进的EDLines检测方法
	4.2. 光流跟踪

	5. 实验
	5.1. 线流分析
	5.2. 定量比较
	5.3. 定性评价

	6. 结论
	参考文献

