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Integrated Navigation Algorithm using Velocity Incremental Vector Approach
with ORB-SLAM and Inertial Measurement
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Abstract - In recent years, visual-inertial odometry(VIO) algorithms have been extensively studied for the indoor/urban
environments because it is more robust to dynamic scenes and environment changes. In this paper, we propose loosely
coupled(LC) VIO algorithm that utilizes the velocity vectors from both visual odometry(VO) and inertial measurement unit(IMU)
as a filter measurement of Extended Kalman filter. Our approach improves the estimation performance of a filter without
adding extra sensors while maintaining simple integration framework, which treats VO as a black box. For the VO algorithm,
we employed a fundamental part of the ORB-SLAM, which uses ORB features. We performed an outdoor experiment using an
RGB-D camera to evaluate the accuracy of the presented algorithm. Also, we evaluated our algorithm with the public dataset

to compare with other visual navigation systems.
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AAE GRS MAV(Micro Aerial Vehicle)@] HIZ TOIES
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Table 1 Position and Attitude Error of EuRoC Dataset

EuRoC Attitude RMSE (deg) | Position RMSE (m)
Dataset Proposed LC Proposed LC
V101 easy 3.51 4.50 0.42 0.40
V102 medium 1.35 243 0.17 0.20
V103 difficult 1.23 2.16 0.45 0.53
V201 easy 1.37 2.64 0.53 0.64
V202 medium 1.61 3.68 1.28 145
V203 difficult X X X X
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Table 2 Absolute Translational RMSE (median)

EuRoC |, | LIBVISO2* | PIVO | S-PTAMx vsligﬁB
Dataset | P [29] [30] [32]

[31]
Vol | 022 026 0.82 028 0007
easy (0.18) (0.24) 0.31) 0.19) ’
V102 | 025 0.17 050
medium | (0.20) 0.15) X 035 | 008
V103 | 030 0.24 0.72 1.36 R
difficult | (0.29) 020 | (048 | (109
V2ol | 033 0.11 2.38
casy | 032 | 090D 1 oon | ars | 002
v202 | 058 0.92 0.24 458 0041
medium | (0.42) (0.75) (0.15) (4.18) ’
V203 051
difficutt |~ X 0.23) X 0074

+0] AL [33]01A 2. ©l:m. X&= tracking failure 20

Tl ATEE & A5 =89 A5 Alol9] QAP 24t Hes
HEE sIFAZl & QA Tots BrHoltH28]. ALME ATE
RMSE Zil= LIBVISO2 (Library for visual odometry 2)[29],
PIVO (Probabilistic inertial-visual odometry)[30], S-PTAM
(Stereo parallel tracking and mapping), VI-ORB SLAM
(Visual-inertial ORB SLAM)[31]3} HIWGIYCE <agls 9
ATEZATH= 2t =& Falsilem LIBVISO2%t S-PTAME
[33]0A] E=HISHIC

LIBVISO2E= AHHQ 78t VOZ, HEEHE &K &=
gaiglEolth V1029F V103olAe LIBVISO27E O L2 dss
HOIA|o I QojAes & giglEe divt ¢ dsfete & &+
ALt B3] v201, V2020041 2 ROIE HQICE V2039 B
MAVS] g4t Aoz Qe & LaglE BF Fo] A



SIACE PIVOE= MSCKF9F RARSH $XE 2= EKF7IRF Ha/
A Ag QEHERE 2 ZuglE1 vasklol 1E Jgtst
gl PIVOE ©OF ZHHEITE AMgSith= Xfoldol Qlth Ha
A1} V201~20304l= PIVOZF Hr} Agkst ZulE HOJXUH
V101~1030iAE B duels divt o dgse ¢ 4+ Aok
F guelE B gHol AmstAl £ V101, V103~v2029)
RMSE Hg HlashH, 2 2a12[F0] 0.36, PIVOZE 0472 &
eEIFY @A H HAEE &€ 4 AUk S-PTAMS Stereo
ZHHEl 7]Eh SLAMOE HEMAE AREEAl LRATH VI-ORB
SLAME FA3} 718k QA4 ORB-SLAMOE, EuRoC 7=
de Helstl AEE EEsie 2o Hold SLAM ¥a1E|50]
Ch 3ol UERd Zik= Tot 7hHiElE o]gst Zaojt). 9 Ho|
B Ale ERF0] ZERET MAVZE S Z7hojA] SFojHE,
AZg &8ozH A= o]50] m< Irt. miiEo] VI-ORB
SLAMO] A9 HE AlojA O L2 Hs& HeIr

>

42 A9 AlH
Og tigst edox s 7 367 flsi g4y
AA BES 510 A9 Aglg 39tk ARSE LA
= Analog DeviceQ] ADIS16448% T 31} Ze Asg ZF9O
£8 F7|= 100HzOlLh F3F EFF0 3R FRE AV

&5t RGB-D ZHHEl= IntelAlQ] RealSense R2000]HH, FAMEH
O] SIAEE 640x480, 7= 30HzZ AESIACE FEAKA QL
RGB-D ZiHigl= 18 59 QEZI Zo] AXHE AEsto] A
JSHA AESIALL, ZiHE A9 ZE1} g MAS] XFO0] YA
HEE &t

T 3 ADIS 16448 A¥
Table 3 Specification of ADIS 16448

Gyroscope Accelerometer
Bias Repeatability 05°/s (o) 20mg(lo)
In-Run Bias Stability | 14.5°/hr (1o) 0.25mg(1o)
Angular Random o
Walk / Velocity 0.66°/ vV hr O.lln”(tl/s)ec/hr
Random Walk (1) o

1&g AlA"ElE KVHARS] KVH 1750 IMUE  AFESHO]
IMU/GNSS Zgtehtle F45l9ith. KVH 17502 18" FOG
(Fiber optic gyro)g& xEgtot] M FUst 6AMgr g dit
g AIsth 2 =RoA Aete dgteh gaglEe Intel
NUC 5i7RYHOIA FEEon TH £ g4 o4f 7|9
22 30HzOIT}. CPUE i7-555TUHE F0] @3.1GHz), RAM &
Ze 8 GB olth. 7% grES 1759 =1 Lol JIE
of &zleto] AEE Wsloidrt

Aol Age I8 61 Zo] HHEHQl MEg zh= AR ElY
QoA sHEom, & Agle oF 125molth Ag AlZHe FHA|

o
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