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Satellite adaptive power control method based on Online—~GRU channel prediction
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Abstract: In response to the problems of resource waste and long propagation time delay in
traditional satellite power control methods, this paper proposes a satellite adaptive power control method
based on Online Gate Recurrent Unit(Online—GRU) channel prediction, which solves the cumulative
error of offline prediction algorithms by updating network parameters through online training. The
simulation results show that the proposed online training algorithm improves the prediction accuracy by
38.30% compared to offline algorithms, saves 63.21% of training time compared to Online Long Short
Term Memory(Online-LSTM), and saves 55.74% of transmission power compared to the fixed
transmission power method. At the same time, the proposed adaptive power control method has better
robustness compared to the adaptive power control method based on ground timing feedback channel
state.
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Tablel Satellite adaptive power control method based on Online-GRU channel prediction

algorithm 1:

input: channel loss sequence s,
1: normalization processing of channel loss sequences s, the length of the channel loss sequence is /

: set prediction steps n and training iterations &
: set training sequence dataset s,,,_, and s, ,

: initialize GRU network parameters 6, set training parameters and optimizer

2

3

4

5: training neural network:

6: fori=l:k

7: input training sets,,,_,, S,
8: forj=1:/-n

9:  calculate the reset door z, using Equation (6)

10:  calculate the update gate 7, using Equation (7)

11: calculate candidate hidden states / , through equation (8)

12:  update candidate status /, through equation (9)

13: end

14: end

15: set input sequence s=s,_,, ., § is the predicted sequence

16: repeat

17: recurrent multi-step prediction:

18: for =1:n

19:  §(¢+n)=predictAndUpdateState (0,s (¢)), update network status and make predictions
20: calculate the transmission power at time(z+7) based on §

21: end

22: update input sequence s=s,, .., , and rebuild datasets s, and s,,, ..,
23: retrain GRU network every m steps, update network parameters 6= 0
24: until end of mission

output: on board transmission power after n steps

#2 PRI ITESE

Table2 Satellite and user simulation parameters

inclination/(%) longitude of eccentricity/(°) argument of mean period/ ground user ground user ground user min
ascending node/(°) Y periapsis/(°)  anomaly/(°)  (circle/day) latitude/(°) longitude/(°) altitude/m elevation/(°)
87.90 208.9 0.000 199 3 73.72 286.4 13.11 31.57 105.1 485.0 10.00
*3 [FIERRZH
Table3 Channel model parameters
. antenna mean
: scintillation . water vapor integrated random random
rain annual gas annual cloud annual annual total annual receiver density/  Water vapor  wet surface ointin ointin
exceedance/% exceedance/% exceedance/% o, exceedance/%  height/m Y content/ refractivity/% P g P g
exceedance/% (g/m”) (kg/m?) error error of
g variance/dB  antenna/dB
1.0 1.0 1.0 0.50 0.0010 0.50 2.8 1.4 1.2 0.097 0.072
F4 WU SR
Table4 Neural network parameters
input feature  output feature  hidden layer s gradient learning  learning rate drop  learning rate s online training
dimension dimension units optimizer threshold rate cycle rounds drop factor prediction steps cycle
1 1 128 adam 1 0.01 50 0.5 1000 6 000
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. X . . Offline-GRU 0.1757
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Table6 Receiver and transmitter simulation parameters

ground feedback

. frequency . . minimum E, /N, required  receiver noise link margin
sample time/s channel state time/s band/Hz bit rate/bps modulation for demodulation/dB temperature/K requirements/dB
0.01 10 12G 60M 8PSK 13 150 above 5
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