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Dynamic SLAM Method Based on Instance Segmentation and
Multi-Constraint Optimization
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(Shanxi Key Laboratory of Intelligent Detection Technology & Equipment, North University of China,
Taiyuan 030051, China)

Abstract: Aiming at the problem that traditional visual simultaneous localization and mapping (SLAM) methods are sus-
ceptible to interference with moving objects and illumination changes in dynamic environments, leading to a degradation in
positioning accuracy and system robustness, a dynamic visual SLAM method based on instance segmentation and multi-con-
straint optimization is proposed. An improved lightweight YOLOv11 model is adopted to achieve efficient instance segmenta-
tion, which reduces the impact of its dynamic features on feature extraction and data association. In addition, local bright-
ness normalization and illumination invariance constraints are introduced into feature matching to improve the accuracy of fea-
ture matching. Meanwhile, a keyframe selection and marginalization strategy is designed by combining information theory
with covariance constraints. By quantifying the contribution of candidate key frames to system observability and combining
with uncertainty measurement, the keyframe optimization is realized. Experimental results on multiple dynamic datasets and
real dynamic scenes show that, compared with the ORB-SLAMS3 in high-dynamic scenes, the proposed method reduces the
root mean square error and average error of the absolute trajectory error by 96. 19% and 95. 23% , respectively, which sig-
nificantly improves the positioning accuracy and robustness in complex dynamic environments.

Keywords: visual SLAM; dynamic scenes; instance segmentation; photometric constraint; information gain; key-

frame optimization
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J# %) fr3_w_stt {fr3_w_xyz fr3_w_rpy fr3_w_stt {fr3_w_xyz {fr3_w_rpy
TP/m RP/(%) TP/m RP/() TP/m RP/(® TP/m | RP/(%) TP/m RP/(®) TP/m RP/(%)
Max 0.173 1| 0.0705 | 0.311 2 | 0.1426 | 0.1593 | 0.0901 | 0.0375 | 0.018 8 | 0.082 1 | 0.048 9 | 0.065 8 | 0.126 0
Mean 0.009 8 | 0.0055 | 0.0194 | 0.0112 | 0.0219 | 0.0132 | 0.007 8 | 0.004 8 | 0.010 1 | 0.006 5 | 0.0102 | 0.007 O
Median 0.006 2 | 0.004 2 | 0.0134 | 0.0084 | 0.0164 | 0.0108 | 0.006 5 | 0.004 2 | 0.008 2 | 0.0058 | 0.008 4 | 0.0059
Min 0.000 6 | 0.0004 | 0.0004 | 0.0004 | 0.001 0 | 0.0005 | 0.001 0 | 0.0003 | 0.0000 | 0.0000 | 0.001 1 | 0.000 4
RMSE 0.0157 | 0.007 5 | 0.031 3| 0.016 7 | 0.028 7 | 0.016 6 | 0.009 2 | 0.0055 | 0.0140 | 0.008 4 | 0.012 4 | 0.009 8
SSE 0.176 5 0.0404 | 0.8089 | 0.2296 | 0.7123 | 0.2378 | 0.0610 | 0.021 8 | 0.1609 | 0.058 0 | 0.127 5 0.792 7
Std 0.012 3 | 0.0052 | 0.024 6 | 0.0124 | 0.018 6 | 0.0100 | 0.0050 | 0.002 8 | 0.009 7 | 0.0053 | 0.007 1 | 0.006 8
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s, MEATPBSIHREMIE: BENSHE S,
ASCEHBNH W A CE RN E G TR e
P MR 2 AR 20.62% . 13.26% . RMSE 43 5l &A%
41.21% . 26.51%; TERSIAJFS (W (3 _ w _ xyz)
T BILTRE . BERL R 25 RMSE 43 5 F B 55.40% .
49.75% , BRZEEREIE /3 0k 48.07% ., 42,230, &
PRI . A SO AR 30 A8 8 A BT ORB-SLAMS
BRI S S REN, ARG R T IH
¥,

R it — 2 B A SO R AR AN R = N B A R iE B
BT W PR RE . A SCHEE A T Bonn _ RGBD %4
LY T A FINGEAT LG, DAL BT R 2 A 2 O AR iR
2 WIEM 4845, I 5 ORB-SLAMS3 F1 YOLO-SLAM ff
S A R AT AT L, XA R R 6 s, R
BdE vl F, AR SCHR R E M e B B R F ORB-
SLAMS, 7 Z 88 & 3 5 F & Lk E it F YOLO-
SLAM, Uk T A SCEIRAEZ S 5T B & AL sk .

%6 Bonn MU S 140 xHHL R 2 04 1 m

¥ 91 ORB-SLAMS3 | YOLO-SLAM| 7% 3¢5 3
crowdl 0.250 6 0.033 0.020 5
crowd2 0.565 1 0.423 0.180 7
crowd3 0.292 5 0. 069 0.024 5
person_tracking 0.663 3 0.157 0.051 2
person_tracking2 0.752 3 0.037 0.056 2
synchronousl 0. 800 8 0.014 0.136 5
synchronous?2 1.303 0 0.007 0.007 5

ORB-SLAMS fE8h & H AR T30 F Pl iR 250K, iR
ZET LR S B SRR, R 0 DX A R 2 B
s ] Al B T B B T AS SOOI Y R 22 A

BONEE T, R LARIRZE N B, BB E NIRRT . B
PO AT UL o AR SCOT IR RE S A S 1 AS [R5 s X i 2 Fh =
Wah &G, KRBT A SO A pe b

SR . A R B 2 2 K R 3 Ak v ke Bl A
BB SLAM kR £. A& X L DynaSLAM, DS-
SLAM. Detect-SLAM, RDS-SLAM %5 2 i ¥ 3 & 3,
LI % ORB-SLAM?2 #il ORB-SLAM3 & %} [t 3k o, JF &
XFHCSEE . XIS AR 7. 8 Fian, SEER 45 RE
W, 2B R07 5, ACHEE ATE 5 RPE
febn B IS T s HAR e M R B, B0E T T 4R
T3 VR AE B N Bl A PR of RS B I O A

R VEAR A SCHE B S A5 N A AL B A Rk . A
X7E TUM _ RGBD 84419 4 Hah & 55 AT T
ARSCEE . XTSI ARBEREB SRS (RS
ARG (A Hah Bk — 2B ASCE AR RS
(RGEB) DU E iR AL R i e R, ik 9
fiR, SLAM Z%4 (A) il i 38 2 %0 3 & 9 1k 5 0 >
BASRRAE T I, A 3h A5 R AE X VE g ad A2 9 T4, SR
ENREE R RTE S ACEARIG. R4 B
FRAE VGBS B — 248 T B ATTFES RN,
PORE B HE— 20 3 s T SE B R GAE B AT T R B
BT R B S s, BN 3 _ w _ xyz J¥ 5 1T #4158
Z G RIRE MR 0.022 2, 0.028 3, [FNZZ
GEAEAR S AT F 8 SRS B SRR R EA T, &
SY UG T Z B AR AR AL 6 B T NS AT
SLAM 2 4t 52 (i K B A3 vk

N EWH R . RIS M E, ARG
I AT S s WG o R R VS T O
VeI A B R A OB BB AR B N AT L

T AR AT B 4 % B R 22 S 0 X L 45 R m
ORB-SLAM?2 ORB-SLAM3 DynaSLLAM DS-SLAM AT
I 41
Mean RMSE Mean RMSE Mean RMSE Mean RMSE Mean RMSE
fr3_w_xyz| 0.6635 0.822 8 0.485 1 0.542 2 0.039 7 0.059 2 0.023 8 0.033 3 0.022 1 0.028 3
fr3_w_stt 0.054 6 0.061 8 0.016 0 0.023 2 0.009 3 0.010 6 0.009 1 0.010 2 0.009 3 0.010 5
fr3_w_rpy 0.730 8 0.849 8 0.680 7 0.819 0 0.109 0 0.161 6 0.094 2 0.150 3 0.0259 0.030 8
fr3_s_stt 0.008 0 0.008 8 0.008 5 0.009 8 0.007 3 0.008 4 0.006 8 0.007 8 0.007 1 0.007 8
F 8 ASCHE T H AL WA X 15 2 T Y X L 2
ORB-SLAM?2 ORB-SLLAM3 DynaSLLAM DS-SLLAM A
75
Mean RMSE Mean RMSE RMSE Mean RMSE Mean RMSE
fr3_w_xyz 0.022 1 0.027 1 0.019 4 0.031 3 0.017 9 0.029 0 0.018 6 0.024 7 0.010 1 0.014 0
fr3_w_stt 0.019 2 0.024 7 0.009 8 0.015 7 0.006 2 0.007 5 0.007 3 0.008 1 0.007 8 0.009 2
fr3_w_rpy| 0.026 3 0.084 7 0.0219 0.028 7 0.022 1 0.045 0 0.376 8 0.444 2 0.020 2 0.027 2
fr3_s_stt 0.004 7 0.005 4 0.004 6 0.005 3 0.005 0 0.006 1 0.005 5 0.006 5 0.006 2 0.007 0
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#9 WAL s m
A R4 A R4 B et R
541
Mean | RMSE | Mean | RMSE | Mean | RMSE

fr3_s_stt|0.007 4]0.009 1|0.006 8]0.008 0]0.007 1{0.007 8
fr3_w_stt][0.008 6]0.009 4|0.008 5|0.009 2|0.009 3]0.0105
fr3_w_xyz 0.030 6 |0.034 2|0.0254|0.030 2|0.022 2]0.028 3
fr3_w_rpy| 0.029 8|0.036 2|0.028 5|0.034 3|0.025 9]0.030 8
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