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Research on the adaptive filtering-collaborative graph
optimization navigation method

Zhao Zhuang,Ma Guoliang

(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract : This article proposes an adaptive filtering-collaborative graph optimization navigation method to address the problem of
inaccurate sensor measurement covariance in the traditional graph optimization navigation method, which leads to a decrease in estimation
accuracy. Firstly, a factor graph model for the INS/GNSS/e-Compass integrated navigation system is established. Then, the adaptive
filter is used to pre-estimate the sensor measurement information based on the measurement variance, the measurement covariance matrix
of relevant sensors is updated during the filtering process, and the pre-estimated result is added to the factor graph as the variable node.
Finally, the sliding window is used to control the optimization range, and the nonlinear optimization of the variable nodes within the
sliding window is performed. Thus, the final navigation states are achieved. Simulation and experimental results show that the proposed
method has adaptability to the mismatch of sensor measurement covariance and can achieve efficient and reliable navigation positioning in
different environments. Compared with the traditional graph optimization method, this method improves the positioning accuracy by 30%
and the calculation efficiency by 12% .

Keywords : adaptive filter; factor graph; integrated navigation; sliding window
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Fig. 1 Factor graph model of the integrated navigation system
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Fig. 2 Principle of sliding window based on factor graph frame oy = w(R™) (18)
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Fig.3 Filtering-collaborative graph optimization

navigation model
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Table 1 Sensors configuration

& 1EA% R YA fl#r %
I BT 100 pg
I EETHREALIFE  0.015 we/ VHz
IMU 100 Hz
e SR 0.01°/h
e AR B E 0.001°//h
PR iR 2 Im
GNSS 10 Hz
PRz 0.02 m/s
e-Compass BRIRE 0.1° 50 Hz
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Table 2 Sensors configuration under electromagnetic

interference
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Fig.5 Attitude estimation error curve of each algorithm
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(b) Eastbound velocity error curve of each algorithm
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Fig. 6 Velocity estimation error curve of each algorithm
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Fig.7 Position estimation error curve of each algorithm
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Table 3 Fusion accuracy index of each algorithm

. f B bR/ m HEEAGHREZ/ (mes™) LBMITHRE/(°)
i STD RMS STD RMS STD RMS
AFCGO 0.160 9 0.983 7 0.014 9 0.036 1 0.103 8 0.223 9
FCGO 0.763 5 1.653 7 0.1252 0.260 9 0.311 4 0.8050
FGO 0.763 5 1.653 7 0.1252 0.260 9 0.311 4 0.805 1
AKF 1.275 4 2.614 0 0.131 4 0.302 6 0.459 6 1.243 6
% AKF S0 75 BB LA MR 38 R ) , 1L L, 10
P LA 0 T R 0 0 DR B 2 0 2 AFCGO
BT, At — B R REGAIE S b4 e | iroo
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Fob B R YCHE Crotal iterations, 1) AL HOA% 61 B () Tt i e iffrsace
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3 P 5wk A A i A T B TIAD TC $odie, 7 20 9 45 | ‘i ,y. L
SR 8 fFk 4 Prs, 0= 1xoe i 1105
AERE
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Table 4 Fusion efficiency index of each algorithm

under different tolerance settings

AFCGO FCGO FGO

s
e

TC/% T/  TC/% T/ TC/R TV

1x107° 2 042 758

1107 1918 190
1x1077 1913 418

1x107% 1913 418

35352 2049 895 35939

25584 1943241 27 635
25012 1913418 25012

25012 1913418 25012

2163 483

1 986 495

1921 985

1913 418

37 497

29 039

254 29

25012

(b) BERREER

(b) Total iteration number difference
K8 AlFAZBE T AR ROR R
Fig. 8 Fusion efficiency index of each algorithm

under different tolerance settings

ZEETE 8 FISE 4 I EASZEREBE N 1x107° B, 2 Fi
TEWE U LA S A B Rl R IE R 5 FGO BIE A
G, I BeA R BT HR RS R KA 2R E T
L-M IEAR PR RE 1 2 0 A 15 11 25, BR A T i — 20 44k
WREMAE, ZRMA TRBHPR ST IR R B



278 % # N R ¥ #H

F44k

B DAL 2 220 B 4R 7, 2 bl 0 bl 1R I DA 30 1)
RlE RCRAE AR L T FCO BvkA T B, m WLAE
B EBCE T , WU R B LA 5 ik A e TR 48
FEUAL TR, T AFCGO S04 HL T FCGO 533k
BT IR B 3 N IR (ER ORI 2
AR, BEBAH—ERTT

WAL R A 2 MR 22N 1x107° REFAZE  7ER
R8T DA BB T 2 BN 3 AR5 1 il A2 R
BRI UL AR, RS 3 AP B AL S L
A TC 1 TL X 2 FhEL& R4S, 1S BB 45 R an & 9

RS s,
_XlO“
sl AFCGO
[ FCGO
F=1 FGO
X
W 3T
:t;
o7
2 sges]
il
5 8
WHHEAKERE
(a) BVHHKBER
(a) Total calculation number difference
7X10J
AFCGO
!:\FCGO
g i FGO
£
|
2 B2221
5
WHEFOKEFRE

(b) BERRE =R
(b) Total iteration number difference
B9 AEE OKERE T SEENEERCRER
Fig. 9 Fusion efficiency index of each algorithm

under different window length settings

x5 AEEOKERETEEHENRAYERER
Table 5 Fusion efficiency index of each algorithm

under different window length settings
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Table 6 Position accuracy and fusion efficiency

information under different adaptive parameters
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efficiency index of three graph optimization algorithms

%73 MEAN/m  STD/m RMS/m TV R TC/K
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