H39% H5H HL T 5 AR 2 4R Vol.39 No.5
2025 4FE 5 A JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION - 67 -

DOLI: 10. 13382/j. jemi. B2407921

-

VIG-SLAM : & T Hi&E M % £ B =5 & #Y SLAM &%

53 HFTU BmEH K K

(PRI K5 B IR TR L Hh PR 400065)

@

W B AERZ REREN RS (GPS) (H SIS h UKL E B ) 25 5 067 5 22 1] ( SLAM)) 3295 A 8 5 30 30K 1
FENL AR BEES R Bl SRANR 22 B3 SBCEMNT L TR, RN, R4 GPS RRg 3Rl i 0 B A5 B, (L AE30 T e 45 | Bk 3 45 42 44
Wb F 9 A5 Z 2ER AT, S BOE AR AR E , R T HAE R R iy R, A T e ESR R, B2 T VIG-
SLAM B3 Bl oe /8 S/ 5 MO T S A B A RS (VIW) 5 GPS Bt #EAT FE A&, 156, W T GPS K TR 5 5
TRTALT] , LAPPAS T 8h A HE 43S A Bl A 19 /25 T ik GPS 58l . LUk, B2 1 1 — R IO Y R 07 1) 25 M SRS | ik GPS 5
VIW ZR 50 Bt [ B AN DG B A ) S, [ 6, 76 5 ) 22 42 3h 25K GPS (5 5 MR, 4R THE B 243088 T IO A T S &k, &
Ja EE T AL GPS 2R A R A 2 AR 4 GPS 42Jm i (A BAE N RJRZIH, 5 VIW R e (o fs B AT B AN, SeH K
YR PG, FEATFEARAE B R B S g b 5n IR TIE 1 T8 TR A R , SR B 45 SR I A EE 24 BT £ A3 SLAM
S FR BT VIG-SLAM vk P-4 58 (AG BE 25 /D2 5 15% , FAT 3R A 68 M FIURG B2 P34

KR . SLAM; GPS; hi B KAl ; Z AL Sy

RESES: TP242. 6;TNII XHERFRIRAS: A ERREZRSERE: 510. 1050

VIG-SLAM : Adaptive multi-sensor fusion-based SLAM algorithm
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(Research and Development Center of Information Accessibility Engineering, Chongqing University of

Posts and Telecommunications, Chongqing 400065, China)

Abstract: In environments where GPS signals are unavailable, SLAM algorithms relying solely on visual-inertial odometry can achieve
local accurate positioning, but they suffer from significant accumulated errors during long-distance movements, leading to decreased
positioning accuracy. Although GPS can provide global location information, its performance is often unstable in complex environments
such as urban canyons, tunnels, and indoor spaces, where signals are easily blocked or interfered with, limiting its applicability. To
address aforementioned issues, the VIG-SLAM algorithm is proposed, which integrates a tightly-coupled visual/inertial/odometer
positioning system with GPS data. First, a GPS accuracy factor model and anomaly detection mechanism are developed to evaluate and
dynamically select high-quality GPS data suitable for fusion. Second, an improved adaptive time difference compensation strategy is
proposed to solve the problem of timestamp mismatch between GPS and VIW systems. At the same time, the weight of GPS signal is
dynamically adjusted in time difference compensation to improve positioning accuracy and robustness in complex environments. Finally,
a global pose graph optimization model with GPS constraints is constructed, using GPS global positioning information as a global
constraint to complement VIW local positioning, achieving robust positioning in large-scale environments. The proposed method’ s
effectiveness is validated on public datasets and real-world experimental scenarios, with results showing that the average positioning
accuracy of VIG-SLAM algorithm improves by at least 15% compared to current mainstreamvisual SLAM algorithms, demonstrating strong
robustness and accuracy advantages.
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Fig. 1 VIG-SLAM adaptive multi-sensor fusion framework

e, REAGE GPS L4 i B A5 B, E it GPS
ORI AR AL F Wy GPS {5 5 A AT I, [ K A AL
IMU R 5 B A B0/ 18 5/ 58 s SR 5 e L
Z 5t ( visual/inertial/ wheel odometry,, VIW) A5 3] R B
LTS, IR B GPS &2 BERUR e AR
18 A0 25 R F0F R (universal transverse mercator, UTM)
HAARIE, IFH GPS Aebn RASHLF] VIW R GE AL AR
T ARG HIT GPS 5 VIW ZR ¢ Y 408 i 18] B2 75 DL
A ANVEHC, W SR T GPS I [) A2 SR 451] , J31] 135 F ] A A DT
FC R , B AR B XS 55, Bm B T LRl 5 5
08 X VIW REGERER 22 T GPS 5% 2211, St [ #4) 2 )t
16 B RO R i, 15 3] 2 R LA i 45 5
1.1 HBI&ER GPS #iEH AL E

GPS {55 7E VIG 5k h B I 2 G E 2 {H LIS A
MR I 2k L E AR R e AR BE . (R 58 GPS
RGAETT LIS T BEOS S ML BCA RS 1l 1 5€ 62 I 55, 1BLAE



55 3

VIG-SLAM : 2T [ 1 W 2 A& S v Rl 3 A9 SLAM 53k 69 -

ARGt Qs e R A AR DX E N PR LA S 2 H
TR XL, GPS (55 5 5% Z AR RN, K AUIE IR 55 4h
HHRFE R, FECEM IR ER K,

g 1A GPS {551yl HIME A Al S TR S 2L £
fEIRER T A A, % GPS B b AT AL #E, A
BRI H ARl i 8 I E RRIER | 2 B AR S5 M
GPS (5 A R IR R R R RS T, il 17—
Fiole it () GPS K BE PR FA T | JF 1 1 JE T AR 3% 4
Gt ) i S b R AY | UETEAS 5 530 I RE A% A1 L
PURIFNALFE AT DR B 2 45 B 5 A RS Il v . 456k
BRI R 1 0 GPS A B K 1B 9 2 28 3 B A8
TE T3 8 DA S S R AR AL

1) GPS 5 B 5 7 1

GPS (45 B R B T 2E Al GPS 5 37 19 ml 5
FURTEATE . 7E5 H AL AR Bl 5 fe b, GPS 5 5 iy mf
FHERIRG I Y LS50 GPS RGP PR AL %
JEHLR B AU R, 20 T RRIERMF S 2
RN SNSRI R (5200, BT FIRAEAE Y [0, 4 i
T —Fhhas HIE N B IEA R Z AR AALEE G T JUTRS
B K ¥ ( geometric dilution of precision, GDOP) , i85 AT
WEABIEN T, B TR

WAL E N (x,,y,,2,) , DERMNERN (x,,
y,,z) s WHEGEAR BRI Ay .

po= (e —x) + (y, —y,)" + (2, —2,)" +
c(t, —t,) (1)

T RS, ST T RAIER B IET £, (¢,)
MZPEARRNAE ET £, (x,,y,,2,) A HEBCHE D B
HAAN .

p, =/ (x, —x) +(y, —y)" + (2 -2z,)° +

c(t, =t) +fu, (1) +£,,(%,,5,,2,) (2)
Funlt,) MEBGRREET S, (5,7, 5,) (975
AR (3) B
_ ot,
) =B (14 3
foltss2) =B, - sing - S (@)

. 0 DE(ES 5HTH I A Ad S 24800 5]
MRS EE RS s T, A1 D, 5350 KA 22 AR RN b
WEREE . 38 5 A I 98 2 3 2 5 T 0, R A% S B 48 1
GPS 55 (W2 AR BE |3 1 52 2 2278 I PR BE 2 A1F

2) GPS S KL

GPS {5 S AESL R ] i Al GE 23 Hh 3 2 s 5 0L,
WES R MG S AFRE UG5 RE, XERHSR
FR E ARG RE , R A BB — S R S A
AR Sfe R st JRU I Ak B 2l S B L, ARSI T
o7 A R (position dilution of precision, PDOP ) g

SRR IN 7 vk AR DU, (RO B R AR, e
TER I h 2 5y P HE AR s AR

ARSCBETE T — Bl T A 2 4 M GE 122 2] 1 GPS
SRR, B, R ATROBIZ 4 X GPS {5 SR A it
PRI | A BRSSO BRI PE RSB 2 4

2R PDOP 5y HA% BB /D, U GPS {55 5 1Y
AIREPER .

BRI ) i 18 A 155 5 0 R BB ey I SX(S)
.

1

o TP o) (5)

Ko F1 B Rt i 1 BN A5 B S 4L

N T AR AR BT T T SR ) B
HL(support vector machine, SVM ) [ 53 2575, Fl H GPS
Dy SR o S5 ke b AT 3 26, SVM AR BY RE A8 3l i 2 )
GPS fH S AEIEROIRZS 5 5 WK T MFRRAE, N E (5 5
H Bl I Rl AT SIS AR A e Y 9
FREPE(ES SVM 73R AR, BET 0 S b Rl A5 7Y fig
i . AR DR R AR, 32 RG] FEtk

Meps =
1

2 VIG-SLAM FEJHT 8] £ #ME R BE

FE VIG-SLAM 53k v | £ A% I8 2% 22 5] 14 %5 48 T e /2
SCPL ARG E AL OCHE . BT GPS {55 MR AR, A
o VIW 2 SE0 Eimi th , GPS a3 5 VIW & %8 1yt a]
B AAF AR E I B] 22, R T TH B X — B 8] 22 X R 58
FEL M H T — b el i) 1 A R A [ 2 M
AT HH VIW RGN HEITTLEERE, Hh
GPS Ffe % s 48 5 76 [a] — WA b 5ol 1o B 15
S RTEEME S T IMU Jini B v g g sl B B, Rt ]
DIALR GPS 1Yz ol # B2, AT X GPS ULl {8 i 47 #b
FE R SRS R R GPS {55 i i AE 1k,
F Y A I AMEDLEIZE GPS 15 508 HAAE BT,
ARG GPS B 1 BLE , DU i 5 [R] 22 22 A9 A
& TAE GPS {5 5 8RS 85 (5 5 B8 T, R4 0 24K
LB FME AL R AR A5 D E AT M, DA 3k 4 R IG5 o
B GPS B S B E MR 2, VIW RS GPS B[] #
X R UNE 2 B

R VIW ZRGEI ] 455 GPS B[] 22 KR %04 A, U
P GPS #MEpRECH .

T =T + A x VO™ (6)
Ko, VP Sl GPS Wiz sl B A] 22 A M (A,
MG B BARPRECH .

e = (1) e (7)
o, e AMEIT B AR GPS AR FRS JE A GPS B
KFR, BTV WHEFERA VIW RGP R4



- 70 - LSRR R e o

539 &

VIW —@ 2 4 L @ L @
GPS = = »
Ki) A Kl KZ
I, ——=—=> L =S
K K+1 K+2 K+3 K+4 K+5

B2 VIW RGeS GPS i[RI R
Fig.2 VIW system and GPS timestamp correspondence

LR AR WM B bR BT AE— 20 35K .
e = At x VS = Ap x VI (8)
PRI, GPS il i) 25 #MEAS AU 1) H A 2 3K A [ 7 5 [R]
25 A JFE L VIW RS0 4l B (5 B ok fk GPS 5
VIW RG22 EE T [E2E R, AT E T4
T =T, (Toy) V™ (9)
R(9)FR VIW RG5 GPS F Gt il i a] 22 b2 1Y
FERSE I | BEAS M AL Al A A0 T 4 BE R GPS L A
LA BE R R [ 20 e IRk Tk T LUA
BIHBR GPS 5 VIW RG22 8] Ay [R] 24, kb i TR HERf
) GPS i T 8O il o) 22,2 JC , fliAS 2 AL AR Al &
FEN R GEAERT R 4R BE SRS A, PRIE T VIG Bk TER
FRBNASIEE N SR i RE T

3 EFMZEEMRLE VIG-SLAM Z{EE2Ea
ES

TERFE g Feb B 7% 37 & HUE i 1S K SRR AE
SRR W SLAM 195 s L AL TG & H #5585
HHE R, (£ B I % (bundle adjustment, BA)'"
SR, S RENS 2 [R5 0 A L 28 5 Rk A, A0 PR 5 R
OB R AR S 1 AR RORANT , S 29 1 S
fit, ML Z T, 7 & K LAk (pose graph optimization,
PGO) g fre I T HAM R AL 3 —— e LA B, B
23 ARHIE SO RS AR A2 5 2 st
P TR AR T ALE AR BRSO AR R 1
THRH B PR T A BE B A7 A LGS G THE SR
RS R PE Y RS 8 AT 55 . S8 T otk iR R T
BEIAC I T iR AT 2% B Bl il G, DA S 9 245 Ik
i BIE B R ARG o A e AR R 5 A FEAH I8 Mt 4 A
XF AT 2 iR A A T B HE ) AL R VIG Bk TR
A 5l A GPS &Ry ZYH, 45 G vk 151 I 4 A4S
T ERG R HT R EN, GPS it 2 RS, [
T GPS AR A £ AL R ] 3 PR, R 2R
AL ZS R TP BT A9 O RS Bl B ZEAH I I 18] A 2 2R 78
i, Ho i IR 5 6 5 JR AR A S A 4 S AR AR AL
R R OL 22 0 5, 4 Jey (o7 B W i, 1k 20 T

PR ZS EE LI BRI Ak AR sR B an = (10) s .
F(x) argmlnz \z —hk(x) (s o (10)
A 20, ARG zﬂli‘%L,.?@ﬁEﬂﬁLﬁ*Kﬁf?
SRR A0 B (RS IR AN (], T D5 S R R AR Y
TIERAT G — et hIEXT}LE/J‘m%%E%

T7' T6
T T8

B3 5IA GPS 2y & fir Al
Fig.3  Global pose graph optimization
model with GPS constraints

B IR , B 4R 6 22 LA v B4 ) B2 8 9 SR IH 1
FI GPS LR 7 KAl oe/ 15/ 4 s SR G e L R
GeAE o 2R (s e A AR Y T ) Jey B 2 SR I, B A 4T
A1 RO OL B p, ™ AN ¢ MR AR 22 N T
FRA A (1) Proi,

qu(pww pm]x)
WW viw ! t !
h ( ) VIW -1 VIW ®

=1 t

w -1 w w
a- (py —py)
{ R } (11)
qul qz

o QPR R AHAB O A () AR AT T, PR o i F I 8 35 3
KA DUTCEL, BT Lz B AN DU e s e AL, 7ESC(11)
B RER 58 1 AT 2RISR ZI A XTHE B 203, 56 2 15
T2 7R AR AR s 2] B AR R S AR, 285 3¢ GPS A&
L RE RN A VIW ZRGE AR FR B 10 4 b #15  GPS 1)
WRERFITENES, B UTM AR R T GPS Ml iy
BB ™ = [ar 201" GPS Bygk 22 Fi 5 =0
K(12) FiR,

fPS h(“P@( ) (’P? h[(;PS(x[) =ptCPS _p? (12)
éﬁ'h%@*ﬁﬁt’l‘%ﬁ%‘ﬁ@@ﬁ GPS i &l &

fRE ARG AT 2R, 350, 1E 52 PR
H, GPS B4 Ja s LR B 5 1L A2 44 B BRI 5 o i )
K. 4 GPS 8 R HUEL Z I {57 5 i By, AN 1 P
T 28N 5 48 B I P07 223, I, Tﬁtﬂ:
WA BT EE CPS 55 HIAUE i ff RGTEL AL



55 3

VIG-SLAM : 3:F B i b 25 R Rl A 1 SLAM Bk - 71 -

T EREtE, B Ceres Solver FF I FE | 36 T i -4
17 1 3 SCAA #% -5 %5 4F ( Levenberg-Marquardt, LM ) 55
U AR Bk AR A M, R —fe i),
BB VIW REGE5 GPS Abby 2 [A] (1 A5 450 F ot ) ok
WA TE 5 2 R AR I — B0, e Gk R E BT AR T 3
FLmkG B S R E g

4 SRIGEER

3 o E S B AN LS T SRS vp R T 2 1 AR
7 7oAl 28 1 A SE TR A IBR AR B ILES T e i
M — R R e BRI B . SRR R A TR
RIS 6 70 H S 1Y % A R B vl 4 1 A Bk . I
J& BT TR T VIG S ERR
4.1 BRE

{7 KAIST $g 4 % T4t ) S ik b A5 1A
TFIRBUEL R B9 R £E %24 Toyota Prius, 224 120 %
T ZRME AR ORI T LS LS R G
TX H A ML (FLIR FL3) . GPS 1 VRS GPS, H 1,
GPS(U-Blox EVK-7P ) J2 i J1 2% 1 5€ i % J 5% , 1M VRS
GPS(SOKKIA GRX 2) ifid il 15 5 ALl AT R 1M , REAS 2
BEE RS R AL EAS B, v AL B R B, Ak, 425
EFCA T B MR & 55T (IMU, Xsens MTi-300) FIG £ B
2L (FOG ,KVH DSP-1760) , FH T Il f5t 4406 1) e %
I H. FOG REFR AL T mbl B2 1 2 S MR 15 2, ] A 48
SHEME, RETEEEFETT(RLS LM13) | 38 o il 4
R M Sk AR HE TR Bz B iR R

W VIG 531 5 2 A% AR Rl & 0y AL e 1 v S R
%t (visual-inertial navigation system with multi-sensor
fusion, Vins-fusion ) 3535 4 19 & 1 B XT EE 047 o Vins-
fusion J&—FP S HE Y 00 S4BT ME LR T i B0kl
I Al A LG AU A R AR A GPS AE 4 L INAF B, e
AT B B2 B AT [ BAAG: I %) 446 , DA T 56 T
IO e AL, AR R — T TARAL A 72, Vins-
fusion L& 814 S 5 (67 e 0 R M | B AE A2
HOB S R b A3 BE P 355 A v 1 R SR AR E R RORS
Vins-fusion MAFREHEZE 5 VIG B0 &1 il E
FEHORXS L, P B RS AL aE BT GPS $idiE , H Vins-
Fusion K5 A GPS S5 ML i S 2l 25 A F i B SR gt
FEF U, ¥+ Vins-Fusion {1 Sfy 2L #E Bk , BE % 4 M 56 IE
VIG-SLAM HY A 2tk . fH EVO TR XA 225
122 (relative pose error, RPE) FIAH X} L 75 1% 22 ( absolute
trajectory error, ATE) #E 47 T A B PFAR , P A4~ ¢ 271 A8 o7 &
R R 2E A K 4 F0 5 R B8 0 5 s A P B8 1
ZAEFER2E LI B E LT Vins-fusion, FHE BEAEKE

FOEE I, Vins-fusion (YiR22 B3 ETF, M VIC B kiR 2
PREFICERE . XRB, GPS 59 A 83z TH 1
R, Vins-fusion fK# T GPS AYfl-& BAT i — 2 B i 1%
ML, 255 Z FR R B GPS B dlE s, VIG 5 ¥k
WA ARG GPS MEIFTIA GPS K e TR A 5
o WU AL 07 2 55 BT i GPS W ds , iU > 1A B RS
FE R B 25, AR B AR T 3R B0 M B a8 1) 5 1 R
KERZ

Vins-fusion

05+ —o— Frigfvk
S04t
&
o~ 03
B
g har D%/D\D/D-“D\O

0.1k

0.5 1.0 1.5 2.0 25 3.0 35
KA /km
Vins-fusion

o5 | RS
=
04t
oK
&
& 03F

02+

0.5 1.0 1.5 2.0 25 3.0 35
R AR BE /km

4 Urban27 (PR 1R 22 St iR 2200 Lt
Fig.4 Comparison of translation and

rotation errors in Urban27

Vins-fusion
04— Pk
< "
$03
oK
02
H_ R
oLr D\D\D—D\D\D—D
0.5 1.0 1.5 2.0 2.5 3.0 35
K /km
0.6 Vins-fusion
05t —o— gk
T = _
C04p
B
oK 0.3
#
Eo2t
0.1F Dﬂ\ﬂ\l—\c&u\ﬂ
0.5 1.0 1.5 2.0 2.5 3.0 35
BARKE/km

15 Urban34 f-FH% 15 22 FIRERE 12 22 X LY
Fig. 5 Comparison of translation and

rotation errors in Urban34



=72 - LSRR R e o

39 &

Kaist 2045 45 v 5 2 )% 51 1 35 J7 iR 22 (root mean
square error, RMSE) N3 1 JJf7R, JIr i /3 51) i i 30 17 ok
2% (Urban26-34) JFHC X3 K sh & F e #55. H Hom J7
R T B0 S b T FC S LR 5E . R T A
VIG B #RE T Vins-fusion, X F B VIG B k@ 5] A
GPS 2930 BRI A RCEE & Al T i M I . A EDWE |
A, VIG 5k A IE K 2R .

F1 Kaist HIEEPAEFIINHFRIRE
Table 1 RMSE across various sequences
in the Kaist dataset

e P RMSE/m

LEFF] EAEKE/km - =
Urban 26 4.0 0.34 0.22
Urban 27 5.4 0.81 0.39
Urban 28 11.47 3.23 1.18
Urban 32 7.1 1.52 0.38
Urban 33 7.6 1.23 0.47
Urban 34 7.8 1.04 0.42
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Fig. 6 Custom-designed sensor module for

outdoor experiment equipment
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Fig.7 Relative pose error in small-scale outdoor experiments
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Table 2 RMSE in additional small-scale

outdoor experiments

. L RMSE/m

FRF B R/ m AL Vins-fusion  Vins-mono
Outdoorl 85.52 0.39 0.74 0.55
Outdoor2 97.30 0.42 0.78 0.61
Outdoor3 91. 19 0.37 0. 67 0.53
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Fig. 8 Final trajectory of large-scale outdoor experiments

(discontinuities on the RTK path caused by poor
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