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(b)
Wang, D., Xu, X., & Zhu, Y. (2018). A novel hybrid of a fading filter and an extreme learning machine for GPS/INS during GPS outages.

Sensors, 18(11), 3863
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7|2 A3 Vision/LiDAR
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7|& 3 Map Matching

« K= YEE E310] GNSS K| 2AE 245
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More likely Also possible, but less likely .~ . . Relec'ed route
(implied speed too fast)

Douriez, M., Murphy, J., & Staley, K. (2020). A New Real-Time Map-Matching Algorithm at Lyft
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» 3D mapping aided GNSS/INS tightly coupled Kalman filter
» |EEE Transactions on Vehicular Technology
+ IMU: Xsens Mti 10, Gyro bias stability 18°/h
« EAX| 4™ 3D RMSE 6.5m, 3D max error 20 m

* GNSS/3D LiDAR/fish-eye camera
« |ET Intelligent Transport Systems
* IMU: Xsens Mti 10, Gyro bias stability 18°/h
« ZMX| A% 3D BT 2%} 18.49 m, 3D max error 73.37 m

* GNSS/INS/camera multi-agent collaborative integration
» |IEEE Access

+ IMU: Xsens Mti 30, Gyro bias stability 18°/h
o DX AE 23| 223D B 2%t 3.42,7.04m
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GNSS/INS/3D LiDAR-SLAM
+ Remote Sensing
« IMU: Epson G320N, Gyro bias stability 3.5°/h
+  EZ4lX| 4& 3D RMSE 1.27 m, 3D max error 5.56 m

+ GPS/INS/monocular VO
« IEEE Sensors
« IMU: MIDG I, Gyro bias stability 4.7°/h
«  ZAX| 43 3D RMSE 1.29 m, 3D max error 4.25m

* GNSS/INS/LTE/digital map
« |IEEE Intelligent Transportation Systems Magazine
« IMU: Septentrio AsteRx-i V, Gyro bias stability 10°/h
+ =X 4% 3D RMSE 2.8 m, 3D max error 3.41 m

* GNSS/INS deeply coupled SDR receiver
« Sensors
+  IMU: ICM-20602, Gyro bias stability 10.7°/h
«  ZMX| A% 3D RMSE 12.53m
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----- Global Navigation Satellite System - ---

GPS G ANASS,

. BeiDou Galileo
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Inertial Navigation System

ISl PSP
Barometric Altimeter

Algorithm:

Kalman-Hatch Dual Filter
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« CH=S GNSS, H7IE MEMS IMU, OBD, 7|2 =7 &8
+ GNSS/7|Y L&A Ze fIX| Y Hatch ZE 2A (T2l 2H)
+ GNSS/INS/OBD ZZ % 13%} Velocity Kalman ZE| 874 (2x ZH)

« O|Z X}& C}5 GNSS #+3 / &=

o EMZX| 2 ZAFE AS 0| M (semi-simulation) 7| HO 2 7|E M5 Tt

MEMS IMU
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« IMU, OBD, 7|® =4 > HC|E BEE &1
+ GPS Time % PPS (Pulse Per Second) M2 2 A|Zt&7|
« NovAtel AF2| GNSS HH|LE B! =417 > GNSS H|O|H 25

* GPS, GLONASS, BeiDou, Galileo

GNSSAntenina

'mbedded Board |
GNSS Receiver
IMU Sensor
Barometric Altimeter
OBD
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AKX & 7HES

« /X ZE 78 (%) (FEE AIE)(TH AIE)*100

Position Availability (%)
I T BT T T

GPS Only

54.56 29.17 65.19 59.73
Least-Squares
Multi-GNSS 97.37 97.55 91.52 94.38
Least-Squares
GNSS/INS 97.90 98.89 100 99.81
Kalman Filter
GNSSIINSIOQDIALT 97.90 98.89 100 99.81
Kalman Filter
PD Hatch Filter 100 100 100 100
Kalman-Hatch 100 100 100 100

Dual-Filter (Proposed)
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Position Error: Set 1

GPS Only Least-Squares

GNSS/INS Kalman Filter

Position-Domain Hatch Filter
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Position Error: Set 2

GPS Only Least-Squares

GNSS/INS Kalman Filter

Position-Domain Hatch Filter

Paosition Error (m)

Paosition Error (m)

Pasition Error (m)
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Position Error: Set 3

GPS Only Least-Squares GNSS/INS Kalman Filter . Positien-Domain Hatch Filter
15 15
= =0 = a
£ & &
H 5 5 o3
3 g
£ g . L
s
£ §5 £
Q. 0 a 4
a5 15
TlBas LEe6 1847 LEeE 1840 L85 1Am 1852 Tlaas as46 1897 Leas  1aw Tass 1as6 taer 1ees im0 des iem Les
GPST (s) #10° GPST (s) ~10®
P
" Multi-GNSS Least-Squares GNSS/INS/OBD/ALT Kalman Filter ¢, Kelman-Hatch Dual-Filter (Proposed)  \
I | — 1
15 15 i 1 “T [7‘*::" |
= =~ ; 1 - 1
g 5 { L1 e '
5 s 5 s 1 5 o5 1
3 3 \ | 1 &7
& 1" [ 15 et e | !
5. § : I I
37 i I |3
S & | l I a . |
4 4 I !
| | | ] | 1
Toas 1ase 140 s 1ae ies 1em 1as Whas 1846 189 1mas 1se9 15 Lesi dss2 |\ Vass 1ass 1w 1se 18w 1es am iem ]
GPST (s) 10 GPST (s) o GPST (s) -,
S = — - -

¢ MBAIERRE o

ac.kr

2022-07-18

16



Position Error: Set 4

» GPS Only Least-Squares GNSS/INS Kalman Filter , Position-Domain Hatch Fiiter
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* GNSS only > GNSS/multi-sensor Kalman filter > PD Hatch filter >
Kalman-Hatch dual filter Tt & 0l 45 atS 2

+ 3D RMSE (m), 3D maximum error (m), position availability (%)0il CHSH Z 1 24
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HRIEily 506 4601  27.02 448 2394 2339 834  68.65 2669 643 5020  28.34
Least-Squares
LA 576 5241 9357 578 5060 9357 1449 2242 6178 930 1524  88.30
Least-Squares
GNSS/INS 236 1157 100 229 1221 100 1883 1326 100 539 5308  99.84
Kalman Filter
GNSS/INS/OBDIALT g o7 399 100 099 455 100 615  38.85 100 150 1502  99.84
Kalman Filter
PD Hatch Filter 040 063 100 027 047 100 118 174 100 125 164 100
Kalman-Hatch 0.23 0.40 100 0417 0.35 100 0.26 0.48 100 0.32 0.61 100
Dual-Filter (Proposed)
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