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Visual SLAM application of monocular camera in substation environment
WANG Ruxin, LIU Zheng

(School of Electrical and Information Engineering, Changsha University of Science and Technology, Changsha 410114, China)

Abstract: When a monocular camera collects images in a substation, it is easily affected by factors such as light intensity and
environmental texture, resulting in poor quality of extracted features, insufficient feature information, and unsatisfactory mapping
effects. To address these issues, this paper designs a visual SLAM system suitable for the substation environment, which is an
improvement on the ORB-SLAM?2 system. Firstly, in the image preprocessing module, an algorithm combining adaptive gray—scale
stretching and bilateral filtering is used to process the unevenly illuminated images collected in the substation, thereby improving the
quality of feature information. Secondly, line features are introduced in the feature extraction and matching module. Finally, for the
back-end optimization part, the pose combining point and line features is optimized for reprojection error to obtain the final pose.
Experimental results show that the proposed system reduces the error of the camera trajectory. Experimental results show that the
proposed system reduces the error of the camera trajectory.

Key words: feature extraction and matching; adaptive gray—scale stretching; point and line features; visual SLAM; re—projection

error optimization

and Mapping, fiiFK SLAM ) 75 H3, J7 5K B a5 A A 52

L SR A i STAM LR f % 55 1 /R [ T 14 0
&R REHL A R ) i PLEs AR A B SLAM FIEE SLAMY | TG SLAM 1 IEG R 4E

B TR R e NI, B B — AR S FAERL S AP AL 3 Fh2k

AR T, s S e e | 325
WA LA NS SCHE . 15 58, Ilds NI
Aab )RR B A5 A T e e S L i ) e S 5 OO
SHRTHEE ML YIRE , il AR AL AT A
Mo b Y AR SEE AR R P R 58 i, S H
FFAPIRE R T KA TE-S, ) H bR 58 U R
B TAE, & FlHh & 4 3 ( Simultaneous Localization

E&UH: WHEHF TP ESIH (20A028)

YEB /A FILWr(2000—) , % Bi-LAFFE A, EBAFSE )7 1) ML5E SLAM,

A, HEEHAPLT A SLAM £77E RGHERS ()8, 78 %
AN 1 375 5 F BT ISR A ORB—SLAM2 ( Oriented
FAST and Rotated BRIEF —SLAM Second version ) 5.
2%, IR ORB AFAE , I IIA [ 348
AR LIHRR R R 22 2 H R PERE R I AL 5E SLAM
Sz —, ERPHRI T 00T B S0 B E A
AR R ML e NS AR AL R gl & LA S R B oL

BEEE: N #01977—) 5 WA Iz, EEBS AL BB TR . Email : leo_johnen@ csust. edu. cn,,

s BHEA . 2024-02-19

PY VP EFREELS ¢+ 415+ 5 5 A




130 oo ®m M5 M OH

ERRES

Sk WF9E T ALAs ANAE SR A= 09 PR 5T b BORS f E Aor 7]
191, 2350 X ORB-SLAM2 1 230 55 ik 42
RO R AR TR) T, B2 HR A R A 4R BBORE M, L4 T
SERDRERE ; RIS 76 ORB-SLAM2 R GHELR T | i
SUREEES 7 ) N e (A g At R B 3 € SRR
P, R I 256 8 H ARPLESCH IR A 1

B AHBILAEAZ ol R AR B I, 2 2 B IR AR
AR SE I | S BCEMEANTE W, 52 e R Y 2 55, T LA
FEH HAIHLA SR AE T THBR G BRAS Ak (4 52 e mT LA gl
EHLHURFER i, ESCHRY 454 Retinex 53k 5
PN EL I IE, A PR AR IR PR A5OR) LU RE ARG I 75 DR 14 T
LB [ 2 A MR S HSV (% [ /5 %
TGIEAT o BURR ; 28807 8 S e sh etk 5 4 )
EHTIE I A A R T MR T R, A, B
Z R Retinex A58 %05 BAIE 2 (5 AR E A7 14 0 5 2%
H S A — 42 SR AR 1Y Retinex B35, 3 4 =)
R A e B R e IO R
AR HSV 23 (Al AT S IR R 42 ) y B4k
S| MG SR 1R 5 A SO A R B 22 I 288 56 FAIK
He R TR SR s A7 R 55 2O BRASAE (2% 25 [1]
FEG I H bk 5 R ER Sk

A HL A R R R 0B, 25 B E SLAM. Hij
Uity e P HE B B PR X, 7E SLAM 11 355 51 A R R AE 42 X
i, [FIF AT SZ AR A B2 30, AT LA EAOR
AR ILEEL S ol 3E 1 LK ( Lucas—Kanade ) 6 B ia
FTHLE SLAM, 8035 T 58 SLAM 5C B Mot R 2% 50
S /NI AR B B SE BB g A SRR IE 5
% FEAE, £ PL —SVO ( Probabilistic Line — Point
SLAM) 35 B VRN T 30 SRR AE B B0 0 4517 4
IMU ( Inertial Measurement Unit) 5 5. H VIO ( Visual -
Inertial Odometry) &5, ¥ R EN K

X F bR AR AR SCAE AT A PR 2 0o B 4R ik
A7 B 38 R BERLAR 5 XU i, Bl 6 IR 18 R i
JSA RN s 7E ORB-SLAM2 FYFEA I, 3 /i 22 R AiE A
PG BAHEF oL A SEU S iy R

1 E{EkiEZE

TR HL 3l ) 5 v R SR RSB I 77 1R B 5 )
O DGR g T B DX 5, B A R S B X
A ILG B H AP BDE IR AR BOR X LE B
G2 FECRE AU AICHE R Ak 4 IR X, DA i 2 250
T ECRAE , BT AAS SCIF ST B X0 KO B2 A2 A IR 1R
AR AL BET5 95

B e RO B2 A e it PR R 7 % TR Y

B8, ASCE ORB-SLAM2 R GifE R F KRS, 1E
PRI T A FHRASS B ot > BEOR 24 &) R 1 A7 b B, Xk
ORB-SLAM2 JEA 45 HE H BUSE B LA A I i fI Ak 35
SruEfT et AEAR R B H AL RSO R B
HICIR IR EUES B AR B T AR
TIE S JEAN S P FIE 7 AN 8 M 9 R 050, mT LUK R AR 3
B AL Z IR (S B, 9T L2 RRAE 1T DATR KD s
TEFEE AN JE 2 Ah % F H AR B —FRfE 251 ORB
-SLAM2 Z 4 ok v, nf A48 I A {5 B o o
FEUT PRI, AR SO LR RAE B 1A RRAE B B

AR SCHILSE SLAM SR BT HHEAL an %] 1 iR,
58, AR B ARPLFE S48 ra sl FO 88 00, SR Fe R R
WU A O AR R 7 A 55 R U
SRR A AT RS T AL B, LYk, Kok 56 B it 7 07
BE | IFAE SRR P Y Al A SR R AE 4L i DT
BOARER X e i A0 A 43 2R 47 2otk TR B Pk
LA B, IR s B, T

2 F AL 1% PSSl
E54 A i PEHL
FEAIE 25, REAIF A5,
Rk MGk VETC FLANN ORB 4RI
BB SR R2 ERENR2Y
VLHE LBD HEHLSD
R A AG ) JEPNE]

B 1 SLAM 2&i%itHEZE

Fig. 1 System overall design framework
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Fig. 4 Underexposure—image experimental comparison diagram
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