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Improvement and optimization of LIO-SLAM algorithm
in indoor complex environments
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School of Mechano-Electronic Engineering, Xidian University, Xi’an 710071, China

Abstract: This paper proposes an improved method that integrates visual odometry to address the
defect of traditional LIO-SLAM being affected by sparse laser features and dynamic occlusion in
complex indoor environments, resulting in decreased positioning accuracy. Specifically, while
maintaining the LIO-SLAM laser inertial tight coupling framework, ORB-SLAM is introduced as an
independent visual odometry module to provide high-frequency and rich texture visual constraint
information for the system. By using an adaptive weight fusion strategy, multi-source optimization of
laser, inertial, and visual observations is achieved, enhancing robustness in environments with weak
geometric constraints and rich textures but complex structures. The experiment was conducted in
various typical indoor scenarios (corridors, open halls, and dynamic crowd environments) , and the
results showed that the overall trajectory error was reduced to 70% of the original system, compared to
the original LIO-SLAM. This study validates the feasibility and effectiveness of visual laser inertial
multimodal fusion in complex indoor environments, providing new ideas for high-precision indoor
autonomous positioning and map construction.
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Fig. 4 Images that the human eye can perceive as moving

e AR AL O R AT ARAR T, 1, | Z TR] B
FABLAL 28728 Ak, 38 2 75 O — A W A 2 4 R

T!*' e SE(3),
o[R!
TI, 1 :|: . }’
0 1

Hi R, e SO3) FRIEHEEIE !, e RERTH
., 07 FoR% 1x3 1% i B 20, (R E 5
AR50 P i 26 i — 20 (Liu et al., 2025)
T EEL R 1 JBE FEG Si AT A g F 2s Ji) JL g
5 F B AR < M ML o S ] Y T 5 A
SHEMG AR 2B A8k, PRI AT A g 4 BT
B AL JE AR KL B 135 3 B 3 B ) = e 2 A
B Em P =S P = [ X, Y, Z,] SRR
Zp =, ] EW + 1HHEE Ny
pl=a(RP ),
FAMLI R R (R LAY

fy e
ﬁ% +ec, ’
HA[ X, v, 2] FoRas [0 S AE PR AR 2 F 1 = 4
ABAR 5 f, FILE S8 ) R AR AILAE K- ) 5 3 L ) b
MR, BN R ER s o, Fll o, 7R TR RIR AR
WRERPHERERAE. ERSEEHRNHILNZS
(Chang et al., 2026) , i@ it AHALAR & L FRIRHL . DT
vt 2 (1) A e/ MU BB 1R 22 T BSR4

7 =g min S[pi - w(1P)] (1)

e R G IR AH AR B Z ()32 By, oAl 1145
AT Dy s it 4 R 8., BRI AE K iz 17
ANn] g e I 2R3 2% (Muslim et al., 2025) .

o FF 4 0 B AR T ek SRR () o7 245 3] 4
Jry s, B

m([x.v.2]")=

t+1 t t+1
T, =TT

B AR T R A T AR — R 2, ik e
2o BE R B, S B B B S L B,
MHLES AR 5] 22 i@ i 90°F-[a] 45 & & 90° R, B
Je SRAGTIRG I L R T R IR 2 , ERHLEAT TT RE IR
B IR, AT e b ] — B Pk (Xiao et al., 2025)

M FRRA A TE IR 22, 306 3 BT MR

Tl =TT+ AT,
Hop AT FOR BRI IR 2

N T TR X — ) R [ BRAG: 0 A0 A Ak B A
T HAR SLAM & 48 & AR 1] > F A5 (Ma et al.,
2024) ., [EIEFAKEINH T RUMNPLES AR A B SR
)3 (57 8, 3 A A4 S 2 SR A L 5 I e A 1 ) i
T3 B 2 o Bl AT AR PR AL 18 IE BT
B, SCBR 4 JRy— B S LR R A A L Al X — I
A AR AN B AL T B A AR XS B Ak T
.4 SLAM FR G5 11 4 ekt B R A% 4 1] B4 S ai
2.3 JFEfE

SLAM & & H , J it 0 Ak B4 AT 55 2 XoF 25 it SO )
PEAT— AL AL B, DUIRAS 4 Rk o AR S A . B
REBL T, T e A I R0 24 58 e nl 5, HA7E
BLSCIREE R, TCIS AL ARG e, ) i 2 SR A AN
] 3 G 27 B MR R P AR A AIK  A RR AE AE
LA TR I 5 25, T o A AL s R SR PR RE A
e, AT 2 52 BRI AE AR 2R R
PRI, B 1 ] DA rh 4fE Wiz 2l 73X — FE AR [
A, B EE A 2 Ak 3 S U T T 4 Y A S RE
A FE M P R ] 77 90 o (A4 O 2R B M mirfat i
AIEEE

Je S A I SR AT X b 3 ] R HE ) 2R e fige o
J5 %8, e E AR SR AT AT R ) 22 JECBOHE o BB HE T
A FGE RS I PP AL R B E M (Xu et al.,
2022) . 1% 1A A] % XAk Sk B K R 56 M R AL T
(MAP, maximum a posteriori ) [i] 4 .

A

X = argm)?xp(X|Z),



514

L, . 5N Z9EREE T LIO-SLAM 83 10 Bl 54k 27

Horp X BRI A S K S5, Z 7or e
BRI AR DU 820, S5 AR v 5 o
p(X1Z) < p(Z1X) p(X).
T2, MAP [al S5 T e/ MU T U 56

A

X = argmin| —logp(Z]X ) = logp(X)].

Fr B A S T A, Z = {2, ) HLA
HST UMRISR IR i — 20 JR T Ay 2t fre /)N — 3 ) «
X = angmin S0

Horpr e (X0) 250 A P B B 2 eR S0, LI Bl 25 56
mzi‘?ﬁﬁkl; =e'Y e.

ST S 22, Hi v B B i R 53 2 Sy I v R R O
B s KT o o ) 3 T T U e B IE
AR 42 JRy BT, T s i ORI ) B P — B0
WA 2225 Ak T T s D5 5 4 SRy P Ak T B 2R AR R
2 PRUEFLIE 5 P ) — B (Wang et al.,2022)

MNP s AR R R T s G A BT Ak 38R OE 2
SLAM B 5 HE i o FHUISCHk R, SLAM (] 3 i
IR Ry 2 PR SR MR R Al T SR E ) I 2 X T is
By A R HL T B R85 00 N o PR R S HE T . A
TR — (AR 2R A TS 1Y 3CRE il JE 2k
A HE SRS A B 5 T 22 . BN ey R
IREUENE (EKF)HEZR T 4 RG M AEL RS
BRALTE Sy RS, DO S50 5 752 53501

Xk =f(xk_l) +w, .,
P, = F, P F' +0,.,,
Hobx,, FonTE E—mZIE MBS W RG0IR
ATERE 20 ke B WA, xR 1 — B 2] R 2
FEIHEE R, we TR FEME S T 20 i R 40 R
22 KONGRS, P, R TNARZS A B I7 22500 L S

BORTEHRN, F = |, RSB B

AREAZFE A —BHER] LA FE , Q, . s i FR MR A5 1)
P IT 25
2.4 [EER

gl s fras IR S AR AL A Al
THER BT o = A 0y BRUER . Pl ATE
B th ) — Briz 3l 5 =BT [ 2 S 4R 47 B B
B TR AR e 7 5 Al iR 22, HORAS AR AT ok
M2 JF N #7 RGeS U ALER A C R A
SERTVIR A7 T, 43X — 29 o R 5t 45 ) v AR A
e, BT A % hir 1l 7 8 0 e, S 42 Jmy — B0y
REAGTT

] ARG 5 2 A7 R PRI AT AR G, A0 H

B s M b i e et I et i i e
6”‘)*@:?#1&*{%%%1}51’*“1‘% e ,,;“‘Mg
& 3 ‘ o

5 N

K5 [N ACR R

Fig. 5 Schematic diagram of loop detection effect
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