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Table 1.  Grey relational analysis value.

ARRRHME KGR KU JREE JRIROMREE SURSRIMEE

Y 0.34 0.28 045 0.01 0.62 0.97

100701-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 69, No. 10 (2020)

100701

3 HiEHEA

A SR 3t 1% 5L (GA) i fB )5 B9 CNN-
LSTM {R-A AR, tnEl 1 s, BAghfy %
H A FR 22 o 28 I R CAZ AP 2 U 28 4L, SE
FRM 228 10 2% i BEOR A 9 25 TR 191 P el I T
AN ZE S BRI TR RAAIE . B AMRBEAISE & T PR
SR 25 AP, IF B AR SR LSTM il 28 [ 45 1)
SR, W25 AL A BORI R BB GA ST
B, B TR GERIBR EE T RRIE BN 2507k, iAo
NGRS 2 T ife.

3.1 HRMEML (CNN)

CNN J&—FL [ I T4 BELEAT B R0 RIRCIR #
FINEERE R (R 22 o 255 04, fgi s ] e 5 4
A LAFR AR SR — I 18] 1 i SR ) — 4 A, [R5
Kot T AR A 2 AR R ) —HE A%, 7115
I, 2 FERM T — MR Erris . &
PR —FRAR I ZMa 5, i Bk — B T
SR LR B Z A5 B S ACR 9. B CNN B &

' . .I

Lk

=»

&, B T Z BRI ER SR 0k, (BB AT A
REEFRZFNL, BAERAZ BRI GBLZ | 4
M) A ) Fh AR SO Bl 2 LA T
Fe3 o 3, B LIAR SOR FH A2 — 4 0 4 AR 22 ) 4%
LG58, AN 2 7R, IXRR BRSO S TR AR
Je S0 R RS A P AR . — A B LA ] 26
BA—T7 10 OISO 3, IR AR S ] T ]
Feo s i) BUL B

3.2 KEIZIZHEML (LSTM)

LSTM [ £ J& — Fofr 386 )9 it 28 I 2% ['T(RNN).
5T R AR 2 M 2% —FF, LSTM Al LIHRALS¢
HRNERA B M ITTR G T R, Rl
N P 5 A e 0 R B T g O . B 8 RAR 5 4
&l 3 .

e rh = ANBEHAE RS 43 7T LUE = Al i 4514,
B A4 A AT 20 RS — S 201
A0 AR, R A 40 L 2 I 2] PR, B AT LA
I3 R AT IRy, o R T AT
R TT IS AT TR — S i DR S Y LSTM Ha

=
|

LSTMJZ Dropout)Z2 LSTMJ/Z

LS A A 2 S

CNN-LSTM & & 5. Ak Al

Fig. 1. CNN-LSTM hybrid algorithm model.

BB s
BB
A1
e
T
L]
N B - =
il .
» 1 L] "
A L] . 5
g ™y : £
% ¥ 4
# [ ] 2
- =

FRIEE SRAETGREE R
t o t
]
= = Hl-
] - .
3 ’ i
. 5 o
: i | = |
m 5
s =

B2 — S B I 4 g 1

Fig. 2. One dimensional convolutional neural network structure.
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Fig. 3. LSTM neural network structure.
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Fig. 6. Power diagram of LSTM model prediction.
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Table 2.  Error index of model prediction.

Bi#  CNN  LSTM CNN-LSTM  GA-CNN-LSTM
MAE  0.34765 0.36681 0.28763 0.21424
MSE  0.65034 0.63447 0.60437 0.58529
RMSE 0.80643 0.77431 0.69321 0.61213
MAPE 0.06013 0.06233 0.05439 0.04476
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Table 3. Model running time.
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A hybrid model for photovoltaic power prediction of both
convolutional and long short-term memory neural networks
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Abstract

Photovoltaic power generation is affected by weather and geographical environment, showing fluctuations
and random multi-interference, and its output power is easy to change with changes in external factors.
Therefore, the prediction of output power is crucial to optimize the grid-connected operation of photovoltaic
power generation and reduce the impact of uncertainty. This paper proposes a hybrid model of both
convolutional neural network (CNN) and long short-term memory neural network (LSTM) based on genetic
algorithm (GA) optimization (GA-CNN-LSTM). First, the CNN module is used to extract the spatial features
of the data, and then the LSTM module is used to extract the temporal features and nearby hidden states.
Optimizing the hyperparameter weights and bias values of the LSTM training network through GA. At the
initial stage, the historical data is normalized, and all features were analyzed by grey relational degree.
Important features are extracted to reduce the computational complexity of the data. Then, the GA-optimized
CNN-LSTM hybrid neural network model (GA-CNN-LSTM) is applied for photovoltaic power prediction
experiment. The GA-CNN-LSTM model was compared with the single neural network models such as CNN and
LSTM, and the CNN-LSTM hybrid neural network model without GA optimization. Under the Mean Absolute
Percentage Error index, the GA-CNN-LSTM algorithm proposed in this paper reduces the error by 1.537%
compared with the ordinary single neural network model, and 0.873% compared with the unoptimized CNN-
LSTM hybrid neural network algorithm model. From the perspective of training and test running time, the GA-
CNN-LSTM model takes a little longer than the single neural network model, but the disadvantage is not
obvious. To sum up, the performance of GA-CNN-LSTM model for photovoltaic power predicting is better.

Keywords: photovoltaic, artificial intelligence, convolutional neural network, long short-term memory neural

network
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