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Autonomous online fault detection and diagnosis method for

DRINSs in redundant configuration
LIANG Zhonghong'?, LUO Hui'?, LIAO Zhikun'?, WANG Yuanhan'?, MU Pengcheng'?,
WANG Lin'?*
(1. College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073,
China; 2. Nanhu Laser Laboratory, National University of Defense Technology, Changsha 410073, China)

Abstract: To address the fault diagnosis challenges faced by inertial navigation systems on long-endurance naval vessels in
underwater or other global navigation satellite system-denied environments, an autonomous online FDD(fault detection and
diagnosis) algorithm for DRINSs(dual-axis rotational inertial navigation systems) in redundant configuration was proposed. The
joint state equation was constructed based on the error states of two sets of DRINSs as the system state, and the residual-normalized
strong tracking filter could be established based on geometric constraint observation between the two. Furthermore, the
asynchronous rotation strategy for two sets of inertial navigation systems was designed. The gyro drifts and accelerometer biases
of both systems were proved to be observable and they could be estimated separately. The modified Bayes FDD algorithm was
constructed based on the estimation results of the error states. The fault confirmation stage was designed to improve the robustness
of the algorithm. The experimental results demonstrate that the proposed algorithm can achieve the autonomous online diagnosis
of inertial sensor faults, and the correct diagnosis rate is greater than 99%, which can effectively guarantee the reliability of
navigation information for inertial navigation systems on long-endurance naval vessels.

Keywords: fault detection and diagnosis; dual-axis rotational inertial navigation systems ; geometric constraint observation;
redundant configuration.
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Tab.2 Statistical results of Monte Carlo experiments

(s P WI /s LWIEHY

XRZE g g2 ka3 SRR
- 1460.9 672.0 468.1 30/30
Hgyl 1721.7  631.8 4914 29/30
9511 1106.6  659.5 436.4 30/30
O, 1499.9  750.6  432.3 30/30
Hgyz 10342 6969 467.8 30/30
9512 1265.6  451.7 399.7 28/30
O, 2834 2404 2273 30/30
9‘7y1 277.1 239.5 228.1 30/30
O, 537.5 2724 2479 30/30
&%, 2802 2423 2270 30/30
9Vy2 274.6 239.8 227.7 30/30
0v,, 5133 2816 2454 30/30
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BEXIZKT GNSS FH 385 R I AU S AR AE
iR, FEH —FhIUAR DRINSs #§k5 H EELAR
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KU LTRGBS 1 T A2 3 — AL 5
PREZJEBIE:, RPBE ST AR 2R HEAT FE LAl
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MNP B AP R SR AT S S e e . T
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P IE R RSB M A R 2R O 2R A
Ths I B AR B, BT H A RS
J7 5 REM AR (1) R0 I 67 M o A [R] e s i 4
R R A I AL 2 R B R SEIG R, 2 W
I Z R T 99%. AT R IEN T &,
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REGMTHH, NMMELE GNSS 1E IEIREE R i) 24
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