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Visual SLAM based on semantic information and geometric
constraints in dynamic environment
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College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China

Abstract: Most existing visual SLAM systems assume that the external environment is static, ignoring the influence of
dynamic objects on the SLAM system. This assumption largely affects the accuracy and robustness of autonomous naviga-
tion. To address this issue, a dynamic SLAM system was proposed, which combined semantic information based on ob-
ject detection and geometric information from multi-view geometry constraints by defining and discriminating the dy-
namic feature points in the system based on the moving probability. Experiment results on the public TUM dataset and
our robot in real environment showed that, when comparing with ORB-SLAM2, the absolute trajectory error could be re-
duced larger than 94%, and the average relative position and attitude errors were reduced at least 41% and 40%, respec-
tively, in high dynamic environments. It means that the proposed SLAM system effectively removes dynamic feature
points, thus improving the localization accuracy and robustness of the visual SLAM system within high dynamic environ-
ments.

Key words: dynamic SLAM, deep learning, object detection, epipolar geometry
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28 Sk [R) I 0 B AR P9 1) 22 A TRUIAE LA K% FoU A
(R AT B, AR AR R0 (L 4 W 0 £ v e 6

AR H YOLOVSmMG6 R4S, - {# A NCNN #iE
BT IR L IR SR . ZME NSNS



4 1 B AWM T TR UEES JUTL R A5 SLAM HiA .« 479 -
PR
r T l
RGB-DEHE| | | #2HORB p| BIASHEE N ol FIFBHIE ||
T I FEE JRUERR BRER |
I l
| |
' |yoLoH#i v :
| AR
i _ %%Mﬁﬂi
T L ___l
EEZY SallE54 JREPH E LR
FTTmTmmmmm T T R 2R
| | | |
|| AR [ EIRRM [ RN (¢ R [« CHEBUA |
| |
I [ !

K1 RO IRELE

mEEE KRS {Eﬁﬁﬁf“ e A

WA WA, shAM, BhEA
0 0.25 0.5 0.75 1
FHE S8 B iR

K2 DUBZIMEER X I FRFHIE A 1 4 Rk 2

4357 m, 7EMS COCO % #% 4 b e % 35 159 51.3%
mAP 50-95 ¥ 5%, il id A FH NCNNAESE Ik, 7EA
RT3 060 Laptop ¥ < AEWEIA F] 45 FPS 112
ITHEE, WE RFIBAT LR EER . HTAFE)
AXFRIIRREBE R 22, A ) TR AE A3 43 LE SRR )
AN XA K, o 1 T A U A AL SRR AE
Mo N TR R BIRHE R, ASCRAH 002
B AR B SR B0 Bh A H AR TIIAE PY RANRRE £
MG XM, THE T3S ME2E P<0.75 FF
TES B GRHAR IR, X ERHE SN TS
Bk, RETM T3 BRI mmiERN .
FHUAE FF RS AIE 557 p, FE B8 FI0 ME 120 2% 1) 1 B8 5
XA
dist(p,.8) = min| p,~b, | (D

Hrb, b RORTNE B (11 45-ANIA 5
I D0 A (AR, 58 SURFAE 55 p, BIE X
BAMEZN -
1
P(p, eds) o)) o1 2
Hr, e FIER s m AT, RN 0.1,
1.3 ETFREILAIZRES S5
ﬁ%Youheﬁﬁcoayﬁﬁﬁwn€m i?
H R aerie 80K A4 Hbw, U7/ —
maw%&ﬁ@umwﬁoﬁﬁﬁ%w%,mzﬁ
T TR ST R A AR R LA SRR — 25 U3 B

BRSBTS R VT ECARFE s AR 2R
JUTZISR, DRt SR UCFECARRAE p 21 FEAR 2R 1) 25
KFIFE—BIE, WA ZVCECARFAE B0 .
W 3 s, 1, AL o 282 it 8 A5 T
[, C,_, M C, RO AL, py Fp,
SERFAE UCRC 5 IRFAE A5 o MR BEZRHE f X B S
M, MBEZEC, \p, 5 Cop, &= Y2 [ R A T
P, MHE, €, C, P= A LA E — N
MR C,\C LR SE L, LA S5
e ey FNWE: C_\C WAL, EL

ey 55 pae, WIAR AL .

Wl s iB 3

B3 B LTZIR

TEC,_ MARERTN, AP =4 E XN
P=[X.Y.Z] (3)
RAEEFFLAHPUE Y, v DA BUE P T MR R A
Py F p, ISR AA R «
P= [x,y, 1] =KpP

(4
p,=[x.y.1]=K(RP+t)



- 480 - FREFE SHAR

Hrp, KFRMILNSHERE, REBRIEFTERE, R
R ALTE

Wxy x, N py 5 py £ 0 — 461 LY
AAbR, B

x, =K p,

O 5
x,=K p,
iR @) R (5, WL JUTLHR N
K 'RK 'p,=0 (6)

E XU R A RIERE (essential matrix) E F1FEAH
¥ (fundamental matrix) F:

E=t'R,F=K "EK' @
MR Z AT LR (6) Tk — 55 Rk
xy Ex,=py Fp,=0 (8)

X @ RY, HHEABEFILAOV R
fE R IERRULAS, AR B g g B, A
T Pk B0 AFDGT VREAf 100 o ) AR o o Rl B
R AT A AEAF R IR ZE, S BEPRH S PR 2
ReEAEFTIF R LR b, Bk, ARSCRA®GAMRE
FIE B 25 1 PR 2 11 B 12 R A e DL T 0 ) P A

R AT F M p,, WL, B
WA 1T«

A
/= {B y

C 1

X (O P, 4, B, CRERLTFEME. PER
I I, NI 5 p, SRR LB -

P;TFpl ‘

X

dist(p,1) = (10)

|4l + 18]

%R B I ORI, CRRZRHIE s I BN Eh A R
W H L. BAAEERN: Bk, @ik S w7
WG IS R IRTF UL AL A OB i, A5 DLTC A
K] 45 121 2 K 3 B DADLFE 5 9 Ha0a 1) 3 x 3 BB [IX 45
BERERR, W EBRILE S Hx, (FHBENLE
FE—%: (random sample consensus, RANSAC) 1%
BIEARMMEF; fefa, THEVLE AR R SRR
PEES, WURPE B KT BIH e (e=0.75), WA AFFE
RS R 512799 —FF, fEH =102 4 =5
B AL BRI 5 p, R LTSRN -

P(pied|g)= ! D

exp(—ﬁ~dist(p[,l))+l
Horp, pOFERNA R 1, SKh oy 1.

14 ETEHMEREBENHNTREREE

FeGi T LA B8 SRR E BLRE T R AE — i
HERENAS AL BT 3 HARs sl iEsk . A
BIF 5T 17 T 1) 3 45 ot F L 5 LR T 110 30 25 s 2 Bk T
AL, SR T ST IE SR AL B S R BRIk
GRS TV 5IRE 2 28R, A%
5L IR DR PP AT BR85S BE

k1 TR A MR B A
SN T A L=, op VR B, RS

Ly ={p}s-pp o
BB AS SES U

1 for each p,in L, do
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(a) ORB-SLAM2 (b) YOLO-Only (¢) Our System
Ko ZnfPulirZn ML RUR  (walking_xyz /751
R1 BWTIRE (ATE) LILERIIEL
e ORB-SLAM2/m YOLO-Only/m Our System/m Improvement(O)/% Improvement(Y)/%
RMSE STD RMSE STD RMSE STD RMSE STD RMSE STD
walk_half 0.5763 0.2952 0.1304 0.0267 0.0305 0.0169 94.71 94.28 76.61 36.70
walk xyz 0.7405 0.3623 0.2584 0.0874 0.0163 0.0079 97.80 97.82 93.69 90.96
walk_static 0.3779 0.1537 0.0082 0.0036 0.0069 0.0028 97.99 97.59 7.32 2222
walk_rpy 0.7021 0.3425 0.2013 0.1378 0.0213 0.0166 96.97 95.15 89.42 87.95
F2 MBEMNUBHMTIRE (RPE) SEILERITEE
Fei ORB-SLAM2/m YOLO-Only/m Our System/m Improvement(O)/% Improvement(Y)/%
RMSE STD RMSE STD RMSE STD RMSE STD RMSE STD
walk_half 0.0280 0.0190 0.0183 0.0117 0.0163 0.0101 41.78 46.84 10.93 13.68
walk xyz 0.0438 0.0344 0.0150 0.0093 0.0120 0.0076 72.60 77.91 20.00 18.28
walk_static 0.0184 0.0146 0.0063 0.0035 0.0057 0.0031 69.02 78.77 9.52 11.43
walk_rpy 0.0416 0.0339 0.0303 0.0208 0.0216 0.0144 48.08 57.52 28.71 30.77
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F4 IS SLAM RGBT IREXTLE (BAL: m)

DS-SLAM RDS-SLAM Detect-SLAM Our System
P RMSE STD RMSE STD RMSE STD RMSE STD
walk_half 0.0303 0.0159 0.0807 0.0454 0.0514 — 0.0305 0.0169
walk_xyz 0.0247 0.0161 0.0571 0.0229 0.0241 — 0.0163 0.0079
walk_static 0.0081 0.0036 0.0206 0.0120 — — 0.0069 0.0028
walk_rpy 0.4442 0.2350 0.1604 0.0873 0.2959 — 0.0213 0.0166
x5 FHIHEREXLE
S PR AL FL A)/ms 19 P g 2% BE-F &
ORB-SLAM?2 23 — AMD Ryzen7 5 800H CPU
DS-SLAM 76.5 SegNet Nvidia Quadro P4 000
RDS-SLAM 50-65 SegNet Nvidia RTX 2 080Ti
Detect-SLAM >340 SSD Nvidia GTX 960M
Our System 62 YOLOv5m6 Nvidia GTX 3 060Laptop
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