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Abstract

index can help prevent and mitigate the effects of solar activity on areas such as radio communications,

The Fjj7 index is an important indicator of solar activity. Accurate predictions of the Fijy;

navigation and satellite communications. Based on the properties of the Fjy; radio flux, the prediction
model of Fjy7 based on BILSTM-Attention is proposed by incorporating an Attention mechanism on the
Bidirectional Long Short-Term Memory Network (BiLSTM). The Mean Absolute Error (MAE) on the
Canadian DRAO dataset is 5.38, the Mean Absolute Percentage Error (MAPE) is controlled to within
5% and the correlation coefficient (R) reaches 0.987. It has superior prediction performance compared
with other RNN models in both short-term and medium-term prediction. A Conversion Average Calibra-
tion (CAC) method is proposed to preprocess the Fjo; data set observed by the Langfang L&S telescope
in China. The processed data has high correlation with the DRAO dataset. Based on this dataset the
forecasting effectiveness of the RNN series models is compared and analyzed. The experimental results
show that both BiLSTM-Attention and BiLSTM models have significant advantages in predicting the
Fp7 index and show excellent predictive performance and good stability. The BiLSTM-Attention model
has the highest prediction accuracy when forecasting future first-day data, with MAE and MAPE of
11.10 and 8.66, respectively, and the MAPE is always within 15% in the short- and medium-term fore-
casts. This shows that the proposed model has high generalization ability and can effectively predict the
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Fp7 data set of DRAO and L&S.
Key words

Attention mechanism, L&S dataset
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Table 2 Comparison of multi-day forecast performance of each model on DRAQO dataset
Bl Hom Hetrles -
RMSE /sfu MAE/sfu MAPE/ (%) R R
1 LSTM 18.50 7.55 7.16 0.808 0.986
BiLSTM 17.46 5.97 5.16 0.828 0.987
BiLSTM-Attention 17.39 5.38 4.19 0.830 0.987
CNN-BiLSTM 21.60 8.70 7.13 0.738 0.981
2 LSTM 19.47 9.82 9.79 0.787 0.985
BiLSTM 19.69 9.27 8.81 0.782 0.985
BiLSTM-Attention 19.23 7.41 6.08 0.792 0.985
CNN-BiLSTM 23.27 11.72 11.24 0.696 0.979
3 LSTM 19.98 8.80 7.80 0.775 0.983
BiLSTM 19.82 8.23 6.80 0.779 0.984
BiLSTM-Attention 20.14 8.04 6.46 0.772 0.983
CNN-BiLSTM 23.15 10.81 9.58 0.699 0.978
27 LSTM 25.40 14.54 13.33 0.635 0.974
BiLSTM 25.92 14.54 12.88 0.620 0.973
BiLSTM-Attention 25.69 13.18 10.92 0.627 0.973
CNN-BiLSTM 26.00 13.75 12.25 0.618 0.972
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Table 3 Comparison of multi-day forecast performance of each model on L&S dataset
Metrics
iIPRA' LAY 5
RMSE /sfu MAE/sfu MAPE/ (%) R R
1 LSTM 14.29 11.26 9.04 0.625 0.993
BiLSTM 14.23 11.02 8.71 0.628 0.993
BiLSTM-Attention 14.75 11.10 8.66 0.600 0.993
CNN-BIiLSTM 16.56 13.64 11.45 0.496 0.991
2 LSTM 17.95 13.97 11.30 0.405 0.989
BiLSTM 16.68 12.49 9.92 0.486 0.991
BiLSTM-Attention 16.79 13.04 10.46 0.479 0.990
CNN-BIiLSTM 19.23 15.95 13.71 0.316 0.990
3 LSTM 19.14 15.11 12.07 0.325 0.985
BiLSTM 17.43 13.99 11.39 0.440 0.990
BiLSTM-Attention 18.16 14.88 12.19 0.392 0.989
CNN-BIiLSTM 20.21 16.40 13.63 0.247 0.987
27 LSTM 24.52 19.84 15.30 0.065 0.982
BiLSTM 24.11 19.40 15.26 0.030 0.982
BiLSTM-Attention 24.19 19.14 14.75 -0.037 0.982
CNN-BIiLSTM 23.85 19.64 15.87 —0.008 0.982
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