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Abstract: Aiming at the problem that the pointing accuracy of star tracker bracket is reduced due to thermal deformation, a pointing
inclination monitoring method based on neural network is proposed. Firstly, the structural characteristics of the star tracker bracket are
analyzed, the pointing inclination prediction system of the star tracker bracket is built, the structural deformation and inclination change
data of the star tracker bracket are collected, and the experimental data are preprocessed. Secondly, the depth neural network model is
constructed, the strain information of each measurement point of the star tracker bracket model is taken as the input variable, and the
network parameters are updated by Adam optimization algorithm. After training iteration, the pointing inclination prediction model is
obtained. Then, aiming at the limitation of slow convergence and easy to produce local minimum value of traditional deep neural
network , genetic algorithm is used to optimize the hyperparameters of deep neural network to improve the training efficiency. Finally, the
test set data is used to predict the change of the pointing angle of the star tracker bracket, and the accuracy of the model in monitoring
the pointing angle of the star tracker bracket under different temperature conditions is analyzed. The experimental results show that the
average error of the directional inclination prediction method of the optimized depth neural network model is 0. 20" , and the accuracy of
inclination prediction is significantly better than the traditional algorithm, which proves that the deep learning method is feasible to
realize the directional inclination monitoring of star tracker bracket.
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Fig. 1 Structure diagram of star tracker bracket
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Fig. 2 Star tracker bracket pointing angle prediction system
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Fig.3 Schematic diagram of fiber Bragg grating sensor layout

S T AR A B AR R IR R R A AR Ak, T
o 25 X 5 AR P )1 AN, - 5601 il 2 I 4% 00 1)
B, A SO OG0 A% A% JER 25 07 T B 5 % 1 4 6 ok
I A AR A AR AR A, TR 2 R R R T IO A A
RGN TAERHL, WOLNRALIRE & — o, &
4 AT IS, BE S A T B BUR AR E & B 1 Bkt
2R RS, (VT DRI 1% 31 ] 386 0 A T 2 ) O Rl AR
DURS RO, MR SR G B e HR 0 25 8 T A
THAAS B B USRS F- & I AR 1L
1.3 HERESHEHLE

B B R E TR R4 Y, T R 2 A5 K
SRS, A AIE R TAREE WL BI7E-30 C ~
40 °C Z[a], PR 7E 1210 R PN R BBOR [l REE 41 T, R A
SCER A AR Al DA A T T A B AR R
LT 1000 45 H T Hp 2 M 25 1125

S S A T 0 A N AR G SE AR IR BT AN A 4 TR,
PG TE L 56 46 A 5 O A 22 GDH-2010B, H: 5 16 75 Bl
-40 C~130 C ,REEAHFR R 0.1 C, LR ot
LTSGR VR 2 G A R 1 A5 AL AR 1 R B, R
o A L T R 2 R R A 7 A e
Hov S0 IR G 2T M % B2 o0 B 1 AR 1R

BN 1 530~1 562 nm, 28 RELSE RN 0. 83 pe/pm,

O A I A Y 1000 g, HARELR /N
120 mmx80 mmx50 mm , >R FH 12 V B FL UG | 0 kG
JE 17, HL PR EFH Keithley 2231A-30-3 = 38 i 15 % B
U5, RS LR 0~ 30 VB LRG0~ 3 A IR
KIIFEN 195 W,

Bl 4 RAECCAUE [ B TN R S R R 5 ]
Fig.4 Experimental environment diagram of star

tracker bracket pointing angle prediction system
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Table 1 Variation of strain and inclination of star tracker

bracket under different temperature conditions

LB/ °C
5 10 15 20 25

NAE 1/ e 127.15  119.56  82.47  54.51 39.21
N2 2/ we 124.82  107.40  78.02 57.24 41.54
N7 3/ e 191.59 165.25 118.44  79.53  47.92
DA 4/ e 179.84  149.95 108.51  73.25  46.20
N7 5/ e 179.13  145.59 103.34  71.02  47.01
N7E 6/ e 256.74  88.15 65.25 54.00  41.44
NAE 7/ e 138.20  122.29 91.39  59.17  41.74
AR 8/ e 181.16  155.93  109.42  55.12  40.83
M2 9/ e 139.31  117.12  83.59 53.19 41.54
MEZE 10/pwe  150.46  128.27  90.58  60.59  43.87
NAE11/pme 172,65  147.72  107.50  72.24 46. 51
MAS 12/pme 118.54  109.63  80.04 58.26 41.84
MEZZ 13/ue 163.63  143.16  104.36  68.69  44.68
NAE 14/pe  129.38  110.23  79.94 55.52 41.74
NAE15/pe  128.47  109.63  78.83 52.89  37.08
MZZ 16/we  188.45  163.93  113.68  64.84  35.26
MEZE 17/we  188.25  164.34  113.88  66.87  37.49
NAE 18/me 124,75 125.73 11419  82.37  58.87
Atk 35.75 58.44  53.38 87.62  91.10
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Table 2 MSE of neural networks with different
number of hidden layer nodes
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pointing angle prediction
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Table 3 Hyperparameters of deep neural network
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based on genetic algorithm optimization
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Table 4 Inclination prediction results

of star tracker bracket

BRI E M 2

=} < "
RO ey meeeo)
1 10. 50 10. 64 0.14
2 10. 52 10. 44 0.09
3 10. 21 10. 17 0.04
4 5.28 4.98 0.31
5 5.37 5.33 0.05
6 6.25 5.79 0.46
7 8. 89 9.17 0.28
8 8.23 8. 11 0.12
9 8. 12 8.04 0. 08
10 8.57 8.07 0.50
11 11.74 11. 84 0.10
12 7.59 7.85 0.27
13 7.45 7.21 0.24
14 20. 32 20. 33 0.01
15 17.90 17.83 0.07
16 18. 63 18. 39 0.24
17 22.61 22.86 0.25
18 23.56 23.79 0.23
19 98. 83 98.43 0. 40
20 26.75 26. 88 0.13
x5 sMERBNAEEIREXE
Table 5 Comparison of results of various
inclination prediction methods
F5  HESfH/(") MLR/%  GPR/%  DNN/% GA-DNN/%
1 10. 50 0. 65 3.81 1.80 1.36
2 10. 52 14.10 2.74 1.28 0.82
3 10. 21 53.81 5.59 0. 84 0.39
4 5.28 42.20 17.94 6.35 5.78
5 5.37 53.63 4.02 0.77 0. 84
6 6.25 104. 84 15.97 8.05 7.37
7 8.89 39. 86 3. 14 4.02 3.14
8 8.23 15.13 5.24 2.23 1.42
9 8. 12 15.13 3.22 0.74 1. 00
10 8.57 12.81 6.23 5.58 5. 86
11 11.74 13.82 8.70 1.27 0.89
12 7.59 8.61 4.31 4.52 3.52
13 7.45 35.23 4.07 4.21 3.23
14 20. 32 14.23 0. 56 0.17 0.05
15 17.90 8. 10 4.92 0. 66 0.37
16 18. 63 3.44 2.13 1.57 1.29
17 22.61 2. 66 1.54 1.45 1. 10
18 23.56 22.73 1.12 1.24 0.96
19 98. 83 7.55 0.82 0.48 0. 40
20 26.75 35.14 1.18 0.42 0.49
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Fig. 7  Comparison of MSE of two deep learning methods
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