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Dynamic VSLAM algorithm based on joint geometry-motion error
model and trajectory prediction

Liang Ruoyu Huang Weihua Yan Ruyu Li Ruimin

(School of Artificial Intelligence and Automation, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: Aiming to address the problem of decreased localization accuracy or even failure in visual simultaneous
localization and mapping systems caused by object occlusion in highly dynamic environments, this paper proposes a
dynamic VSLAM algorithm based on a joint geometric-motion error model and trajectory prediction. Unlike methods
that rely on semantic segmentation or optical flow estimation, this approach fuses camera and IMU information to
jointly model the epipolar geometric error and IMU pre-integrated motion error, and employs a probabilistic model for
dynamic object detection and occlusion state estimation, maintaining high robustness under occluded conditions. To
improve the continuity and accuracy of dynamic object tracking, an Extended Kalman Filter-based trajectory prediction
is introduced for object pose estimation. Meanwhile, a joint factor graph model is constructed to optimize the camera,
map points, and dynamic object feature points, where a dynamic motion-smoothing factor is designed to suppress
abrupt object motion and reduce accumulated errors. Finally, experiments on the KITTI tracking dataset and real-
world scenarios demonstrate that, compared with geometry-based and object-tracking-based dynamic SLAM methods,
the proposed algorithm achieves superior pose estimation accuracy and dynamic object tracking performance in object
occlusion scenarios within highly dynamic environments.

Keywords: visual simultaneous localization and mapping;joint geometry-motion error model; extended Kalman filter;

trajectory prediction;joint factor graph
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Fig.1 Improved ORB-SLAMS3 algorithm framework
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Fig. 2 Geometric error diagram
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Fig. 3 Feature point occlusion diagram
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Fig.4 Motion error diagram
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Fig.5 Schematic diagram of dynamic object motion transformation
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Fig. 7 Sequence 00 dynamic object tracking effect
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Table 3 Comparison of factor graph optimization results

o R B T PR AR A N AR R
RPE,/m RPE,/(°) RPE/m RPE,/()

00 0. 040 0. 050 0. 030 0. 050
01 0. 060 0. 040 0. 050 0. 040
03 0. 060 0. 040 0. 060 0.030
04 0.070 0. 050 0. 060 0. 050
05 0. 050 0.030 0. 050 0. 020
18 0. 050 0.030 0. 040 0. 020
20 0.070 0. 030 0. 060 0. 030
-1 0.057 0.039 0. 050 0. 034
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Table 4 Comparison of relative camera pose errors

ORB-SLAM3 DynaSLAM II VDO-SLAM VIMOT A S

SEl RPE,/m RPE,/(°) RPE,/m RPE,/(°) RPE/m RPE/() RPE/m RPE/() RPE/m RPE/(°
00 0.070  0.060  0.040  0.060  0.050 0. 050 0. 040 0. 060 0. 030 0. 050
01 0.070  0.040  0.050  0.040  0.120 0. 040 0. 050 0. 090 0. 050 0. 040
03 0.080  0.050  0.060  0.040  0.090 0. 040 0. 060 0. 040 0. 060 0. 030
04 0.080  0.060  0.070  0.060  0.110 0. 050 0. 060 0. 050 0. 060 0. 050
05 0.070  0.020  0.060  0.030  0.100 0. 020 0. 070 0. 030 0. 050 0. 020
18 0.060  0.030  0.030  0.020  0.070 0. 020 0. 050 0. 040 0. 040 0. 020
20 0.060  0.040  0.070  0.040  0.160 0. 030 0. 050 0. 030 0. 060 0. 030

FHM 0070 0.043  0.054  0.041  0.100 0.036 0. 054 0. 049 0. 050 0. 034
x5 KITTIHiE&E SR FALELCIE RSB BAR 1A 2 A9 S AL F 3k B Bl
Table 5 Time consumption of each module on KITTI dataset J7 IR, SCEh HAR 1M 2 FEB s B s kA
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Kﬂézgﬁh e i 2 385 1k R SR 25 I R L
wd
*6 EEILR
Table 6 Time consuming comparison
Bk FPS (a) 1161
DynaSLAM 1I 10~12 (a) 116 frames
VDO-SLAM 5~8 [
Ak 9~11

(b) 1241
(b) 124 frames

Bl 12 SCE i S5 ) (c) 1341

Fig. 12 Real laboratory scene (0134 Frams
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