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SORNN small fault diagnosis method for attitude sensors
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(1. College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Guangdong Key Laboratory of Intelligent Detection in Complex Environment of Aerospace,
Land and Sea ( Beijing Institute of Technology) , Zhuhai 519088, Guangdong, China)

Abstract; To achieve effective detection of small faults in spacecraft attitude sensors and fault isolation of
orientation sensors and inertial sensors in the presence of disturbance and measurement noise, we proposed a self-
organizing recurrent neural network ( SORNN) based small fault diagnosis method. Firstly, a SORNN model,
including the self-organizing algorithm, termination condition, and adjustment condition, was designed to realize
the adaptive adjustment of the number of hidden layer neurons and memory depth, thereby improving the fitting
performance of the network. Then, a SORNN-based disturbance observer was designed for the kinematics
subsystem. The network weight update algorithm was given, and the state estimation error convergence was proved.
The output estimation error was passed through a low-pass filter to suppress the measurement noise of the star
sensor. More rigorous residual and detection threshold were derived to improve the detection ability of small faults.
Furthermore, a fault isolation observer was designed for the dynamic subsystem. The influence of unknown
disturbance and noise on residual was eliminated by disturbance decoupling and disturbance observer compensation.
The problem of fault isolation of different sensors was solved by using the redundancy relationship between dynamics
and kinematics. Finally, the simulation results verified the effectiveness of the proposed method for detecting and
isolating small faults of star sensors and gyros under the cover of disturbance and noise.
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Fig. 1 Structure of self-organized recurrent neural network
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Fig.3 Spacecraft attitude sensor fault diagnosis framework
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V,(t) =el (1)[F'P, +P,Fle (1) +
2¢} ()P, TAD(1) -
2¢" (1)P,(Lb(1) +Nb(1))  (44)
R AP () | <vye 1%, —x, ||, (44)
T A2 -
V,(t)<el (1)[F'P,+P,Fle (1) +
yoe, (1) P,TT'Pye (1) +

e' (1)e, (1) ~2e" (1)P,(Lb(1) +Nb(1))

(45)

TE SCIEHR PR
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(46)

Krize, (1) =Ce, (1) +b(1),v" (1) =[b" (1),
b" (1) ] LA R
Hik (45) LA J TR
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Hop,

x'(0) =[el (1) b"(1) Bb'(1)]

E, -PL+C" -PN
E=| « (-1 0
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M E<O B FEEVRAMT
[(e".(r)e, (1) =& (1)w(r))dr <
J-V,(0) <0 (48)
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®(0) =[ -0.041 6 0.048 4 —0.055 6] rad/s, ¥]
RFAIE q(0) =[0.9936 0.0472 -0.078 8 0.065 51",
FEBRIEAS 1 x 10 L, , MM 5 14 7 223 x 10 7, BB
A ME S 1 5 22 2 x 107 , B WA T, (1) =

3cos wyt +1
1.5x107° + | 1. 5sin(w,t) +3cos wyt [N-m, HH o, =
3sin(wyt) +1
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B X A AR AR R BT R B
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Tab.1 Simulation experimental parameters of SORNN

) 2% P, R, G, M el ga

SORNNI1 I., 1078 T2 1.8 2x107% 0.01

SORNN2  5-I,., 1078 I, 1.5 2x107% 0.02

SORNN3  5-1,., 107% [I,.2x1 1.5 2x107¢ 0.08
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Oy LA T PR TR 3 AN R AR R 22 b (1)
AL, EKF AR b (1) —b(6) PIRH
ARAS L 2 RS 1 BT R iR 22 1 B B
TR IR 115 25 A A (L, PRI | 3 0 R R
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Fig.8 Fault detection results of gyro based on improved EKF
fault detection method
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Fig.9  Fault detection results of gyro based on the proposed
detection method
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Fig. 11 Fault detection results of star sensor based on the

proposed detection method
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Fig. 12 Fault isolation results in case of gyro fault
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Fig. 13 Fault isolation results in case of star sensor fault
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