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An Improved Binocular Visual Inertial Navigation and Positioning Algorithm Based on
Point—Line Fusion
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[ABSTRACT] In the assembly process of complex products based on augmented reality, the location of augmented
reality equipment is the core of the real-time integration of virtual guidance information and assembly site. The traditional
positioning method based on label or pre-built offline assembly matrix model has the problems of low compatibility
between assembly task and visual positioning, and poor robustness and stability of single visual positioning. The fusion of
vision and inertial measurement unit (IMU) can improve the positioning accuracy and robustness, and effectively improve
the assembly quality and efficiency of complex products. In this paper, a positioning algorithm based on the fusion of
binocular vision and IMU is proposed. This algorithm extracts image features through point and line features. The binocular
camera and IMU are jointly calibrated, and the point and line features are extracted and matched by ORB and LSD line
end fusion. The pose error fusion model of visual-inertial fusion based on point and line features is established by means
of tight coupling of vision and IMU. By comparing the experiments of VINS-Fusion, PL-VIO algorithms and IPL-VIO
algorithm improved in this paper, the absolute displacement and rotation error of the IPL-VIO algorithm in structured scene
is smaller than that of the original algorithm, and the structured scene information is more abundant, which can be applied
in AR assembly field with weak texture, and provide stable and reliable pose data for augmented reality assembly platform.
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TERLAS IR S5 KA S 2 7 f e B ik Fe vh 36 T 28
522 W el s ) AN s ] A BRI, E R T ARG
SIS ERAE N SO0 BT 2SO RIS PR B R PRI L 15
B H AT AR BN i, e e T AR i 2 5 S 7
AFF S A0 A P st ] ) 50%, i3S 5% B S ( Augmented
reality, AR ) ff B2 fic B4 ] LAYE— @ FE R [ i de R
THRARTT T 2SR A e n) i, 2R TR
FhELSE 5 R 3G | 15 B TCAE R TR & IS B 5%
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S8 50 Sl 2 TG R AT A0 %08 G A L9237 55
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PR Xof 4 ik IR SR A8 AT A, (E R RAIE AR 2 S
N IRAEARPLALET T, A BESE IR C 5 | AR . XA
G AL E A7 2 ARSI XUV T4, 241z 5)
AL PR R TR ZU S Bl B I, ARBILAT 85 1 PRTR T8 3h
TS ; B4 BT (Inertial measurement unit,
IMU ) AT DA e A 3 B2 IR E , 03 sf ) A Y PRtz
S EABEFA AT AH A AR O I 5 (] A AE
B AL IMU , AIBUASRAY IR R N SSA AR A5
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HIMIEHE RN TG R 2R S B 0 R 7 58 12 v R
AR K28 S AR TESRGHIALER b, BRI R 2 520
WGP 52, Bl T 4 BRE 7 R 4t ( Global positioning
system, GPS ), IMU D K 5 [ f& Ji&as i Rl & s nT A R4
FEAR R R 22, 72 AR W, o8 T 53 552 H., Rt
FEAV 5 Ml E #4 4 ( Simultaneous localization and mapping,
SLAM ) Bk 25 4 i 1E A RUEE AR 8 R AHBIL AL
BT, BB P E A BRI I K e e s, 14450
9 SLAM HEZE 3 B4 475 iy v AL HRFI S S bl o iy o 740
53 F B A AR R RN 57 R A RN A
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AL B R A RS IR E R E e B R R %
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IR B A5 ( Fast line detector, FLD ) & BUZk 4
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ARG B 1 [ B e A AR A B R 2 5 1 A b ], B A8 Aty
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rotated brief ) FIEHEPURFIE 55, H ol b BEA R B, R
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Fig.1 Time ratio analysis of five detection and matching algorithms
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Fig.2 Position and pose estimation factor diagram of visual inertial
odometer based on point and line fusion
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J T HE— 05T IPL-VIO Bk TEE 25 F I E
PRGBS AT A | a3 A T e S 5
XTEA 1 B R TIPL-VIO BA AT PN, 28 FF 5 i 46
()3 IS P e R R B e b s 1 B 2 FEAE S5 A AL
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(5 et AHFSEE B EuRoc $0¥E 4, & & & 4 (I
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TR ) R RS B i, T AR ARG 1 Y L
ELHERT XS LE, 980 T DR A8 R L R 25 S B0 25

EuRoc #2{1t 20 Hz /X H AHPLIEIE 200 Hz [ IMU
HHE FAR B B 32 B 2%, S BURN 256 il 3 5 28U
Machine Hall &2l &R , K145 HE 4y 752 x 480, 4t
Ky 20 Hz, IMU $i %y 200 Hz, N3 r i iR 22 107
MR 2% GBEATIE] . GPU (5 HIZR AN AE 5 I3 5
A~ 77 T % VINS-Fusion'® . PL-VIO #il IPL-VIO 5 ¥ 3t
FiX} o VINS-Fusion J&: 7 #5 B K 2% Qin 45 © #2 H

A — 7 35 1 XU H W0 BE A RS AR 1R, SR R
A AR 5 RGBS 1) IMU U {f RN
FEIE LI, AR A5 =R B s LA, 1T PL-VIO 78
VINS-Mono [3EA FIMA TRFHEZR

KR AT EMLUECE . CPU R i7-10750 Y 12 #%
YRR PSR (16 GBIz 1T AT \Ubuntul 8.04 #:/E R 55
R 3053 I T A AR | B A I 0y T 8 %
(9 172, AIs /0 B T s iz S 25000 BCs 38 ]

VINS-Fusion iz 17 U 1 £ 45 4 MH_05_difficult [
BTN E R HEAG I 55 R AR — 5, ARRAIF A S0 A 3
5] 31 Fi7n A VINS-Fusion i 175U FE I AU S5, 7]
VIE 21780 92 MH_03_medium B {3 F% 46 X 5% 22
/), 3217 MH_05_difficult B e 4 % 2 2 L NAE i
S5

fifi 1 PL-VIO iz 17 I i £ 4 48 MH_05_difficult 1)
B ATRER S R AEAS I 5 PR R R A — 50, 2 Fr
7N°A PL-VIO 2 F T8 4RI IS4, nT LB B 17800
4 MH_03_medium I3 B 46 X115 22 ¢ /N, 3517 MH_05_
difficult By HEFE 4 X R 22 G2 TS RIAT CPU 4 =5/
F1 VINS-Fusion f 1., PL-VIO 748 %5 % FUiEkk 4 i
R, BT ERARAE SRR R S T 2 AR, st T
IHEVRT CPU 4 HIR 35 4T

i IPL-VIO 5 ikiz F 1A% 42 MH_05_difficult,

% 1 VINS-Fusion iIZ{THIRENSE
Table 1 Parameters of the VINS-Fusion run data set

Hulise RERHERAR2E/m Bk 2E (°) B4 T TH]/ms CPU i [H12/% AT /%
MH_01_easy 0.28893 0.05354 68 16.132 15.456
MH_02_easy 0.23363 0.03802 63 15.870 14.137

MH_03_medium 0.10219 0.01927 62 13.254 13.590
MH_04_difficult 0.14326 0.01673 54 13.354 12.395
MH_05_difficult 0.20951 0.01018 58 14.623 11.472

SEHAE 0.19550 0.02755 61 14.647 13.410

F2 PL-VIO BITHIRENSE
Table 2 Parameters of the PL-VIO run data set

IS PR YR 1R 2 /m kL ARtz (°) BTN ] /ms CPU 5 HI5%/% AT I/ %
MH_01_easy 0.22554 0.04697 135 20.647 18.746
MH_02_easy 0.20274 0.03204 127 18.350 18.537

MH_03_medium 0.09224 0.01516 112 17.254 17.490
MH_04_difficult 0.12942 0.01315 108 16.724 15.365
MH_05_difficult 0.18687 0.00922 102 15.353 15.572

SERAME 0.16736 0.02331 116.8 17.666 17.142
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8 1 IPL-VIO iz A il a4 MH_05_difficult,
DA 4 Fias, 1l LLUR BT 0 H B 241
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7 3 i oA IPL-VIO Hykia f 8 e mt i =4k, v]
IE 1217554 MH_03_medium BV A8 40 % 15 25
/N, IB4F MH_05_difficult e % 268 X5 2% 325 47 st ] il
CPU 5 &85/

VINS-Fusion, PL-VIO [~V B8 46 X} 15 25 43 51 R
0.19550 m F1 0.16736 m, IPL-VIO 35 [1)°F 341157 #% 44 %of

1% 2% 4 0.14035 m, #H [t T VINS-Fusion. PL-VIO, IPL-
VIO BN R A8 X 1R /N o

VINS-Fusion, PL-VIO

(a) sURAEFEIS BRER

(b) 72 H AT A

(¢) A El@c%ﬁ?zzﬁl 'ﬁfk’&k’r

3 IPL-VIO &M BEE M R L ALERER
Fig.3 Point and line feature tracking of IPL-VIO algorithm test data set

4 IPL-VIO EEMIRBIEE S EAFEM ZHITHR
Fig.4 Pose estimation effect of point and line feature in test data set by IPL-VIO algorithm

%3 IPL-VIO &%

EBITHRENSH

Table 3 Parameters of run data set by the IPL-VIO algorithm

i gE PR 4t 1% 2% /m WEFE AN IR2E ()
MH 01 easy 0.18334 0.03627
MH 02 easy 0.17932 0.02734
MH 03 medium 0.08021 0.01402
MH 04 difficult 0.10532 0.01215
MH 05_difficult 0.15356 0.00765
FHE 0.14035 0.01949

90 MizMEHEA - 202345 o6& B 101]

2471 ] /ms CPU M JT1%/% PIAT R %
185 30.647 35.386
173 28.930 33.257
135 27.254 30.290
121 24.724 28.323
110 23.283 25.692
144.8 26.968 30.590
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BER2E W R R 22 0N R 254 A3 A B =F
L HFET R IR R R L £

¥ IPL-VIO ByE N AR 2 o 5 | SR i 2 i
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Fig.5 Guiding assembly and positioning rendering of cabin wiring
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