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Design of fault-tolerant integrated navigation system based on
federated Kalman filter
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Abstract: In view of the poor fault tolerance of the SINS/GPS/DVS full-source integrated navigation system under non-ideal conditions,
and the inability to optimize the multi-source integrated navigation system, a Kalman filter-based local filter for the navigation subsystem
and a federation are established. The global filter of the all-source navigation system of the filter has designed an all-source fault-tolerant
integrated navigation system. The simulation verification shows that the all-source navigation system can achieve high-precision navigation
in the case of subsystem failures, and meet the requirements of critical space aircraft for the accuracy and reliability of the navigation
system.

Keywords : all-source navigation; Kalman filter; federated filter; fault-tolerant system; integrated navigation

UKL B T4 A T, IS REAA A E
ABBEF MR, REFH TR R EEE T
AL U Ir RGE(CND) BEAT LG ST, h T A7 A Bl I ]
FIREYFATRE | INS — B GPS Sty UM ZE & B

0 35l

i3

TSRS (INS) LA B A 5P 0 s 1 45

U TER AR PGB IZ N, S R R AR
R TCAF (FERR IR T ) > P LA X 183 1 s il
(18 S S BOMLIB ShB R AE 2 1B SR A F T, &
SRR ABIE I, 3 o R i ORI IO P R
P 11 10 &AT B ANZE S A B 2 R SR AL AL A4
JE EIE T AR A AT AR
SEEE. AR R E AR B, B RS S GNSS

W ks B . 2021-03-18 Received Date: 2021-03-18

MEBAEIMARGE . MZIRALE P ARG WL 5
FRGLI T RE S0 SR O AR ] B A 2R G 1 75 4 e
TN Z IR FR G TR AL, BOIRIEB T A
LR ZRE AEERE TSR AR AL IZ AT (U BRIR D8
T O T BRI I B 20 (A 1) R G AL R e 1
REMET ARME T PR TR, ROR 2R
e RURBIRAT A AR/, 0T DL i 338 4 Ty 2 5 B R als o

# FEAIH = 17 A T FHE AR UL 4 ( 41402010102)  BEPEA HARER2EILREBFIE TR ( 2017JQ6034) | ZEZ: B 1 Ze A 4 [X I3

H (JKJW2020701) % Bl



- 144 - LSRR R e o

LURRE

B ARRIAATH T Z B

ASCHE S48 TG R IR 2B B S 45 1
HIUFERA T R R IR 2 P AT L, 73 %R R
S RPN TR IRIEAT TR A7 5 SR X B IR 1
JURi RS DL I 25 K6 LA R ST IR BRI A T A 21 B A S
F14 Jey B M e R R 2K B B I, A ) B D R B
Pt SRR AR U B A R G 4 IR A R S
SRR TR 3 AT R G BRI Jy R ST, 5
PR B0 1% 25 A M2 B BT A SRR R0 (BEBR sk Ji2
) U HEATRE I G SR E | S 80 AR R BRI U
PRGN OCHEH AR Z 1" ARG E RS
i FEIBABE P 0 28 48 W MILb S T i O e B, LA e B A
SEE A1 TR R GRS E NGB F AR, e Jm % &
ARG EHAAT RO S T 5 AT

1 FRERREEFAR

L1 RREIRHFE
e TR, /R S ki TR R i e i 2R
P/ N7 22Tk . RSOt SR/ N T IR 22T

X, BMHHE X, o FRSUEM R gk R
BN TR AT SR X, T TS A

FERIBE I 157 S R G0 r9 RS T B R 7 e i E
W

X, =@, X+, W_

Z,=HX, +V, (1)
b X, 8 k2 RGORES m i @, o k-1 213
ke W ZNEPIRES T RE TR 5 Z, hy k W2 RN (E; H, D} k
W20 RS A W, o k2 R A RS v,
N ke I Z R R

X ZR G0 e — AL T .

~

X =Py X, (2)
PRAEMI

X, =X,,., +K(Z, -H/\X,, ) (3)
IR £ R

K, =Pk/k—1HZ(HkPk/k—1HAT +Rk>7l (4)

— TR 227 22

P, =E[ X )}Z/H] :Qk,k—lpk—ldjz,k—l-'—gk—l (5)

it 2s T 220 .

P, =(I-KH)P,, (I-KH)"+KRK (6)

R (2) ~ (6) "TUAE t, HREL WA X, Fl Py iR
P & 20 E Z, BT LB AT b i 2R S
T X, (k= 1,2, n) R AR 0 e B0 47 3 0
FERCIR S R @M B TR AR E 1 R,

=l T e %o k=1
E—— |
| s, e %, | | —smmsrze, o, 0, |
. Y___
A R,
4 | o
: pansr. e )]
: i
WEMBIX =X, +K(Z-HX,
R X TK(Z-H Kik-1) ‘ 1Ei‘l“i5]7:7i¢%§Pk:(l-Kka)PH_l ‘
5 f---
| t | P,
| | |
[}
! VeI i 25T B i
\

BT REBUSERR I T RGBT AR

Fig. 1 Calculation flow chart for modeling and design of a strapdown inertial navigation system
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Fig.2 Federated filter fusion feedback structure diagram of
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Fig. 3 Structure diagram of a strapdown inertial navigation
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Fig. 4  Structure diagram of partial fusion feedback of federated
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Table 1 Simulation parameter setting

TiHSH & iEZH & 5
FERRH B 2 0.01°/h  SEBRUT AL 10 ms
FERRUBERLESE  0.001°4h  WIIRHEIR MR 10"

P EmE  5x107%,  BIANLR RS 120"
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MERZERERE  20x107° Mlah iR 5m
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