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Abstract

Given multiple weather forecasts, how can we achieve higher photovoltaic (PV) prediction
accuracy while maintaining prediction stability? As the significance of renewable energy
sources increases, accurate prediction of PV generation has become increasingly important.
However, the inherent volatility of the weather sets a challenge into achieving accurate PV
generation predictions. To address this challenge, this study proposes a Transformer-based
Photovoltaic power prediction model Utilizing multiple weather forecasts (TPU), which is a
novel framework that utilizes multiple weather forecasts to enhance prediction accuracy while
maintaining performance stability. TPU employs attentive Long Short-Term Memory (LSTM)
to create embeddings of weather forecasts with different time horizons and cross-attention to
fuse the features of different forecasts. Experimental results conducted using a six-month
dataset comprising generation data from nine PV power plants spread across the whole country
demonstrate that our model outperforms all baseline models in terms of mean absolute error
(MAE) and root mean squared error (RMSE), while concurrently achieving a reduced mean
absolute deviation (MAD).
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Fig. 1 The overall architecture of TPU
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Table 1 Facility information of the PV plants used in the experiments

Location Plant Capacity (kWh) Module Type Construction Type
Gyeonggi-do 995.40 One Side Normal
Gangwon-do 990.00 One Side Normal

Chungcheongnam-do 180.00 One Side Normal
Chungcheongbuk-do 1515.08 One Side Normal
Jeollanam-do 1500.00 One Side Normal
Jeollabuk-do 499.80 One Side Normal
Gyeongsangnam-do 470.02 One Side Normal

Gyeongsangbuk-do 499.80 One Side Mountain
Jeju-do 864.00 One Side Normal
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Table 2 Mean Absolute Error (MAE) of the prediction results for each model
Location LSTM LSTM 1DCNN IDCNN  Transformer Transformer TPU
(LDAPS)  (GDAPS)  (LDAPS)  (GDAPS)  (LDAPS)  (GDAPS) (Our Model)
Gyeonggi-do 0.1455 0.14506 0.13596 0.14008 0.03603 0.03859 0.03483
Gangwon-do 0.11792 0.10795 0.10003 0.10572 0.03381 0.02808 0.03135
Chungcheongnam-do  0.15044 0.15004 0.14149 0.14435 0.03238 0.03499 0.04055
Chungcheongbuk-do  0.14437 0.13452 0.1272 0.13281 0.04046 0.04260 0.03704
Jeollanam-do 0.14659 0.13633 0.12803 0.13272 0.03749 0.03802 0.03138
Jeollabuk-do 0.14892 0.14847 0.13955 0.14395 0.04198 0.04441 0.03231
Gyeongsangnam-do 0.14631 0.1459 0.13532 0.13916 0.04060 0.03346 0.0376
Gyeongsangbuk-do 0.11667 0.11625 0.1097 0.11601 0.02915 0.03329 0.03424
Jeju-do 0.11366 0.11324 0.10443 0.10927 0.03155 0.03191 0.03352
Average 0.13671 0.13308 0.12463 0.12934 0.03594 0.03615 0.03476
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Table 3 Root Mean Squared Error (RMSE) of the prediction results for each model

Location LSTM LST™M IDCNN IDCNN  Transformer Transformer TPU
(LDAPS) (GDAPS) (LDAPS) (GDAPS) (LDAPS) (GDAPS)  (Our Model)
Gyeonggi-do 0.24234 0.24129 0.23799 0.2422 0.07702 0.07842 0.06733
Gangwon-do 0.19017 0.18115 0.17715 0.18223 0.06282 0.05583 0.05907

Chungcheongnam-do ~ 0.25962 0.25869 0.25580 0.26246 0.06491 0.06550 0.08198
Chungcheongbuk-do  0.24054 0.23118 0.22852 0.23285 0.08168 0.07931 0.06856
Jeollanam-do 0.23428 0.22503 0.22149 0.22523 0.06583 0.07746 0.06255
Jeollabuk-do 0.25411 0.25312 0.24988 0.25394 0.08261 0.10392 0.06876
Gyeongsangnam-do 0.24672 0.24587 0.24203 0.24654 0.07849 0.06182 0.07478
Gyeongsangbuk-do 0.20422 0.20333 0.20095 0.20767 0.05567 0.06349 0.06768
Jeju-do 0.1808 0.17995 0.17612 0.18083 0.06796 0.07701 0.06151
Average 0.22809 0.22440 0.22110 0.22599 0.07078 0.07364 0.06802

Table 4 Mean Absolute Deviation (MAD) of the prediction results for each model

Location LST™M LST™M IDCNN IDCNN  Transformer Transformer TPU
(LDAPS) (GDAPS) (LDAPS) (GDAPS) (LDAPS) (GDAPS)  (Our Model)
Gyeonggi-do 0.15598 0.15518 0.15686 0.15723 0.04488 0.04694 0.03824
Gangwon-do 0.11638 0.11387 0.11415 0.11439 0.04006 0.03398 0.03644
Chungcheongnam-do ~ 0.16859 0.16783 0.16910 0.17266 0.03941 0.04090 0.04761
Chungcheongbuk-do 0.15310 0.1498 0.15063 0.15078 0.04866 0.04943 0.04001
Jeollanam-do 0.14958 0.14655 0.14752 0.14722 0.04057 0.04330 0.03649
Jeollabuk-do 0.16449 0.16373 0.16500 0.16578 0.04973 0.05510 0.03794

Gyeongsangnam-do 0.15882 0.15812 0.15997 0.16004 0.04872 0.03907 0.04337
Gyeongsangbuk-do 0.12996 0.12928 0.13077 0.13448 0.03489 0.04037 0.03865

Jeju-do 0.11517 0.11448 0.11566 0.11658 0.04038 0.04147 0.03804
Average 0.14579 0.14432 0.14552 0.14657 0.04303 0.04340 0.03964
4.2E
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