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Abstract

Aiming at the problems of the existing Vins-Mono algorithm in combined positioning of Inertial
Navigation System (INS) and vision, such as uneven distribution of image feature points extraction,
low matching accuracy, and low positioning accuracy, an improved Vins-Mono algorithm is pro-
posed. Firstly, the quadtree algorithm is used to divide regions with different densities of feature
points and extract feature points simultaneously in each region to speed up the extraction rate.
Then, the RANSAC algorithm is used to match the feature points, which improves the matching ac-
curacy and speeds up the matching time by combining the Hamming distance. Finally, the LM algo-
rithm is used to replace Gauss Newton algorithm, and trust region control is added to update the
step size, which improves the positioning accuracy of the system. Compared with the traditional
Vins-Mono algorithm, the algorithm in this paper improves the distribution uniformity of feature
point extraction by 54%, the accuracy of feature point matching by 28.4%, and the average posi-
tioning accuracy on different difficulty datasets by 34%.
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WG B S BEORRNGE, N0 E GRS R SR Ok E . ARG E M TR EE IR TR SR
4t (Global Navigation Satellite System, GNSS)F115i 1 Tl % 4t (Inertial Navigation System, INS), —#H &5
RETRAN & HAE, AT LUl K2 HIa 5t FRERRS EER . AT, AL T H 3RS, GNSS {55 %35
W, HEEMNRGBU N — INS, RERFN AR, TIEKE AR e . HT PSS, &
FUN ZE ARG S, R AT & O AL 0 LR RIS 31 7 ok e, Aot AR TR0
INS H &5 AL - B AR T R HT TR, e, O PO,

Leutenegger [1]Z5#2H 7 —F3LT IMU R4 AL B I0EH) VIO B3k OKVIS, T MSCKF, 25
T RGisATHEE, UAERMEI SRR BIE R AL, 8 RGUE AR E S my s REF BRI B
[2]FIBAFEH T Vins-Mono 5i%, 75 OKVINS 5 FIn N ARG R KSEm T RG e s &, Wb TH
RS . MSCKF. OKVIS. Vins-Mono X =F# 0 H BT it i) INSIALGE AL & € i J7i%, Herh Vins-Mono 5
VIR RE RS B B

Vins-Mono 532: Fot UG RFAE st 2 3L DRGSR F (172 ORB AN B RS, AEERFIE SR EUAN I &)
VCRCHERA AR A . =2 [3]56/E ORB Rk 5 N2 R SRR BIE, Tl I X SR EH ARARFAE 5 10 25
FEVEABETHE, ARACHFAE BRI A 240 R IESR[4]5F Sl T sk, AEAHARAE i FRmiAl,  T5 5 NRHE
RBCE BN, SeE TREA S TEPILER, & 7 BRI e A B 3% KAR[S] S (ER:
AERUVCECZHT, S RO AH RVE SR BGE L BRI R R WS, TR 5o ST SR 47 A AR LT, AH
REAHIVE T B R AL AE A IR S, $em 1 ULEC I HERE 2 FRURIR[6]55 K AR UL EC RS UL e 45 &
10 Mg, R VT T F DT PG B 1] B 9 0.6, G DG IE A ) FH LA BR 119 2 SR Bk 25 iR DL IE FRVRFAIE s X [7] 55 AE S5
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JEo DL EIXEET VARG T INS/L S 2H & e AL IR P, AR 45 BT A $2 T4 1)

SCAERXS Vins-Mono SE T AAE EURRHIE s SO 50 L TLRCHERI AR, &AM LIRS [, 42 th
TG INSAL S LT . FE N BIR = AT AT Bk, AR AR SR R 5N DU SR S
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Figure 1. Vins-Mono structure
[& 1. Vins-Mono Z543[&

AN SE AR UREE K Fr s AL AR 2 B ), RA] ORB SN BB HEAT R AL 4R B,
CASCHIBE B AE M BIE, DL H 3% 25 4 i Pl 5 P A R PR RS A, AR DL R s R R R AR B AR AL, K
PRI LT SR AG T AL S B i AR SR8 A o 1S AL 5 LR T 5 O AT 28 i T J 128 N [ AR A
B, FE TR AR R R A 1 R TR T 9SSBT, AP RO SE A R R 2 St it Wfi A 1 Bz [l 3h
RAE N RFAT SN B G i AR AE AL o fE e s AR LR PEOLAL,  INS Sl Bk I & s e s RO, K
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ZERAN MG AR, IR I 2 B bR 8, Sl i P isA AT AL, e R
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3. Vins-Mono & &R

EEXIESE Vins-Mono 535 sP A7 AR EEARFIE s 3R BRI 20 L R s UG FE PHE B AR AT 8 A BEAN v D 1]
R, ARSIy AR R S A B E AR R AR B R R R DL AT i AR 2 PR AL FR AR AT T e
.
3.1. EFIX#H ORB EARIFHESIRE

Vins-Mono 32 RHE S 2R T ORB #0325, ORB B384 FAST S /5 BRIEF $ik 145 & FAST
SR A U BRI (A 22 745 R R [10], 6 T B PR~ R i p, HEEEON 1, F p SEL p NG
RN TR R S ERAT O, BRI AUEE S A p IR 11 22 ek B L X3 P i A2 2% A ) R
BRI N, S p BN E NRHIE S, — MG, BREAEA 3, N 12, BEE A BRIEF Xf X L8;
fE S THEA, BRIEF /& 8k 4mfiditiid 7, BRIEF #ik Al 0 Al 1 4158, 0 Al 1 o2 AR 4R A
BFE RIKEER RPN KR,

NG AR VR s R B p 2 B “FUME” IR, FHEATURER @k 7k E, %
KT RGUENAGE, I A S NP SR SE[11]. DU R SR R R 8 2 x 2 (RIS, fEREAN W
R, T SRS B R B 2, DT AR 15 B A R A A W R A T AR S B AR, X My
3 AT LA DX A R AE s (25 SR AR R, S5 b BB AT 350 &) A3 A ARFAIE o (R D SRR AE s B i i
Z, SBUXKESEREOLZ, BIK TR RE, FUIASOR 5 B R CEBR G 4 ], AMURE
TRHIE RPRE R B, i I X Ry R T ARHE ST, Y X ORB VAR A ] 2 i
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Figure 2. Quadtree ORB algorithm structure
& 2. [MX# ORB B LRIEE

DOI: 10.12677/csa.2024.145134 258 THENUR S 5 R H


https://doi.org/10.12677/csa.2024.145134

HO
i
48

3.2. £F RANSAC EEAV4H1E S ITE

Vins-Mono S0k R AE ik TV BELS 0BREL PR  5 2 Hokat 7L, e
B AU A (M my o Ny, AR A1 HbHE TR IR AL R R R R B S, LB
2D (K, k, ) BT HFAE A IR R A PP bR 0 FLIF LR, DURRAOAERRAAE, WIEE
B I AR N

D(kl’kz):_znlxi ®y; ()

R 45 A I EE B Y RANSAC 53 . RANSAC [12]5409% 1o B WLk 3358 20 Bt 14 e A T 7Y
SR FEE AT B AL SR AT IR . RANSAC Sk E B FE N B4, AR SR BN LIE R —
ERER A, N RN ZIRE GRS BB I 25, B AL S S SRR L R,
WRNFBRENA AN S ABEE R, MEREE— R UG, 8 AR, RN
AR Z A — HEERE N L g R B ARIREL s B AL

_In(l-p)

_In(l—a")
Hr, o RoRsbmtedl, pRREBRE. N7 R ZE S EB0ER SO K, WSO FRRER K
TEOL. A DB BE B AE N A A, SR ATRMRHIE sl AT ST, A OB AR R E & L SRR AE o p ot
ATRERUAN T, SRR T VTG P A A R

3.3. EF LM E3ERdE& ik

Vins-Mono SAfEJEimtli it ARZR LISk il i Rk . SO AR AL SE AR ZE T IMU
AR R ZE UAH A A D9 H br BR L

@

Target =argmin(E,; +E,s) ©))
R B 43 R A 22 g 10 e AL LI 45 21 1 B 57 B 15 4 i T AR 419 1 (R 1505 2 TR AR R AR 22,
IMU TR 4315 22 5 22 p i 5 2 (R W0 B B 5 O 2 22, I JE HARBR BT S o f (X)), s eR ol

H# T R BRI

f (x+Ax)~ f(x)+J(x)AX (4)
Horr, J(x) 42 f(x)2 5N, fE—N
/N IR FE:

f (X+Ax)2 i

AX =arg minAx%If (x)+3 ()

1

:E(f(x)+J(x)Ax)T(f(x)+J(x)Ax) )
("f || +2f( ( )Ax+AxTJ(x)TJ(x)Ax)
B BT Ax RS, A RECNE, N
2J(x)T f(x)+2J(x)T J(x)Ax=0
J (x)T J(x)Ax=-] (x)T f(x)
WAL REE SN H, fHile g, W ERN:

(6)
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HAx=g¢g @)

e A Y 3 AR R A B3R LA 0 FE AR O /R W R B HOERER BN, AT s 1 H AR H AR Y
AR MSEbRi R, B IREL 3 MR IEE R, S BlA R E, BIAE H JRRRE, R
RBH A AEHER, B SBURMITUAEHER, ABERIENRS, AW RELE AR ECE R, FERLGMN
TENREERRAR,  PRIEASCR A LM SR s i A 1

LM BA[13]9IN TAEMEAR, R4 VIR 1E ) MMEREAR u J5 BORE— UOSAR , SRAF e/ 3R 7 e

. 1
min, 2 (5 )+3 (%) ax [ stDax | <u ®)

LA ERL A A RIAL R, SRR B H 2R Ay — A To Sk A 2O PR 1]

. 1 1
min ,, E”f (xk)+\](xk)Axk"Z+§/1||DAxk||2 ©))

LA A A 210 4 IR Ax SREREE, A
(H+zDWﬂAx=g (10)

ML T i B msE, LM B2 T AN R %A, D'D WIS ARLHREL 244> 00, (H+4l)
IESE, PRIE THBEE T ERIOT s 2 2 AR, Ax:%g R FOE NEETTIR, 2 A BUR, LM BE G

T sk, FIFHEE p REEHE /5L, p MFREAA:
B f (x+Ax)—f(x)
p= J(x)Ax (1)
2 p ABKIE, W SERR H AR BRI T AR, SRR R s A, R A . R
7 u S p AL 2IEFSS, BULEHITER DK, IR B AR B ISIGR , (15 KGR ENRS
G-
4, L5

A SERE 4T3 Ubuntul18.04, CPU A Intel (R) Core (TM) i5-11400H . JH T S256 56 1F i $icdh 42
4 EuRoc, EuRoc ##lifRilid T ANIERE BN FRET N, B8 T 25T EEMEE,
e R S I P S

4.1, 4%4E SIS R EE

NIGAE A ST EUGAFAE AR UL A 2k, 3R EuRoc B4 — 4L g, K% 1 AR 2 2
[ —Yps NHBESER . FI8 A SCRESEHUR RIIE s 25 R 512 - A% 4t ORB B 1 45 Rk AT Xf b

M 3 15 4 ATRUE M, SR EELEE SR T B U IE AR A B AR R R AU U
WP BIIRUE . ASSCHEVER T 9I NDYSUR rE10%,  $em 7 HRRIE SR &, EEMR 1 FIEIE 2 4L
BIFRHIE S 134, 1 ORB AL P 7K BUE R BB RHIE s 84 5000 AR SCERIE B BUE B 4y
%4 0.48's. 0.52's, ORB HiLMIRHGHESE N 0.47 s, 0.53s, HITPU X K2 REN 4, FrAASCH
MR BOE B AR, —FHAHEARR.

3(b)~ El 4(b)rTLAEH, EEEAHEPIRBGHFRE R HIL 7 “HIE” DR, Xo5m 5404
ML AT, IR T iH B2 S R GE MR BE BRI, ASCRA ARSI U [LAENRHE 55
MBIV P 4R RS, THE IR (12) s .
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U =101log(v) (12)

Horb, VOIS A R T 2, DXBRGE T A [ B4R 5 DX SRR i BB T B ) B o TERRAE AR
BUAERR AR BRI RTHRE N, U (BN U B3R BURFE 25 o A P, AR 3. [ 4 ATLUE H, AU
THE SN 141, 144, ORB BUEME B A5y 311, 313, UEBHASCEIETESE R
TEA I AR 51 B 3 T 54%.

(a) ASCE: (b) ORB i
Figure 3. Image 1 results comparison diagram
3. Bl 1 FHE IR IEE RIS L

() ACEk (b) ORB 2

Figure 4. Image 2 results comparison diagram
B 4. B 2 S E SRR XL E

4.2. $FEm CECXTEE

N T B SZ A SCRAE AT UCECSE 1A 2k, # 4.1 P EME 1 FIEME 2 R FH ORB BESRIUE 7 il
AR SCRFAIE i UG E SRR AN DT B 28 DU FE S0 HEAT XS b, P ARSI AU BC 4 SR 0 1 s
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Table 1. The two algorithms matched the results
= 1. AMEELRSR

Hik VT P i ) PN INYEE IEAUCHRE & % WERf R
PR PR B 0.042s 500 287 57.4%
REE 0.034s 500 429 85.8%

% UATBIE tH, A SR RANSAC SE(EG & WU IEE BRI T UCHZI 71, PR3 U 6 B 1
AR, W T TUARILE B RANSAC SEE RIS, 3 T UL MOHENE, A SCHAILR (0
%59 85.8%, HL LR DU B B O VR SE5cH 5 1 28.4%. MR FVAILAC 045 B4 5 .

(a) ACH (b) PHIBE R 5%
Figure 5. Comparison of the matching results of two algorithms
[ 5. PFEESHIE = ILECES RIS L

4.3. BAFEEXEE

AR LM BERUR T 5 Vins-Mono H i) s - din 5k, 0 H bR ek Bodb AT JE e ME AL, 455 4.1
A1 4.2 FeGdE, 7E EuRoc AN 5T RS S5 Vins-Mono Skt L, 3753 A = (MH) Fl
T (VH) HL 2 )35 U Ak 37 55 P AN TR B R A SR AT IR UE . W AR BEAE AN RIS 55t T B TR o 52 b 25080
LMPEXT L 6. 1 7 BioR,
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—— improve_vio 8 —— improve_vio
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y (m)
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(a) MH_01_easy (b) MH_03_medium

Figure 6. Comparison of two difficulty trajectories in the laboratory environment
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Figure 7. Comparison of two difficulty trajectories in a factory environment
7. I INE T ARMXEE E X L E

M 6 FIE 7 B, AR Vins-Mono SAFEAN R il 46 P S ki JOseql, B AL
HEFPATLAE Y, R P BUL St Vins-Mono 5% L 1 WSRO IERS , A ST 0t 5 S I 5E RS
JEHE =

N T BRSO B AL, IR TR R 22 (RMSE) [15]1F 8 A0k B2 B PP A, XA
Al 3755 N & BUAS BE AT EA N b, BUASEUINE 2 s

Table 2. Comparison of positioning accuracy of different data sets

2. TRIBEEEMIEEXLL

Hpte VINS-Mono A E:
MH_01_easy 0.070 0.046

MH_03_medium 0.068 0.039
VH_01_easy 0.087 0.045

VH_02_medium 0.073 0.064

M 2 ATUAEH, AR SCREEAE AN A e a4 L) e RS FE 2 3 T 34%- 42%. 48%. 12%, P
PIENAEEIR A T 34%, IGAE T A RIELE INS/ALE 2 A 5 A A A 2ok

5. &ig

AR Vins-Mono ST 75 INS/LSEAL £ & G, 177 FEURHHE A HHCR 25T | T RCIE B A
SRR AR ER IR, 4R T R EGHE Vins-Mono 5%, 75 EuRoc ATFAUIRAE [ HE(FI0iE, T T
DU SV ) ORB A AR, (B FHRFE £ T H0531L, ¥ RANSAC FLIS% £ DU B85 LA TR E £
UURE, $en T UCRRIERTE, 5 Vins-Mono 5LV 5 Bt A riJ5L s 7 0 B0y LM S0, 380 T 72 fr
WL SRR, BT 0 Vins-Mono S 7E FEGARAE AUREUA AIFE FHRER T 54%. HHAE A ULRTHE
W 4R T 28.4%. R REMCRAE b 19T GRS BERR R T 34%, BilE T ACSCEG BVEAE INS/LE
414 e A A

EL£UH

BN 5G+ Tk H. 5k P Fil -5 8 F 5 5 5286 % (CM20223015) .
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