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Note: x; is the input time series data, y; is the output result, d is the dilation
coefficient, £ is the size of convolution kernel.
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Fig.2 Structure diagram of time convolution network
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Note: X; is the input data of the encoder. O is the output result of the encoder. L
is LSTM network. C, and %, are the memory cell information and historical
information of the positive direction LSTM network. C; and 4, are the memory
cell information and historical information of the reverse LSTM network. y,, is
the output result of the decoder.

B 3 BiSeq2seq AEA 454
Fig.3 Biseq2seq model structure
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Note: X; is the input result. /,is the output result. /., is the historical information.
C, is the memory cell information of the LSTM network. f; and i, are parameter
matrices. ® represents matrix multiplication. @ represents matrix addition
B 4 LSTM W% A 3E4T44H
Fig.4 Internal operation structure of LSTM network
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I3 0.01. 0.001. 0.0001, YLLK HIHN 324
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32, LSTM 5 Bi-LSTM W& oM mly 128, 256
IR SRR 2 /N, CT-BiSeq2seq FHIMIAR A fr) X 48 45 44 2
Bk 2 fow, IR S MR 1 B0 R 2 Wi 9 Fis .
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Table 2 Network dimensions for model training

E¥ . . I64F4E Validation set MREE Test set
Laver K i3 - N y N
ayte): Structure Dimension INYERE S 4R HINYERE i 4ERE
number Input dimension Output dimension Input dimension Output dimension
1 Input layer 34k (-1,1 352,7) (-1,1 352,4) (-1,1 802,7) (-1,1 802,4)
2 TCN layer 3% (-1,1 352,7) (-1,1 352,32) (-1,1 802,7) (-1,1 802,32)
3 Drop layer 34 (-1,1 352,32) (-1,1 352,32) (-1,1 802,32) (-1,1 802,32)
4 JRI04e Bi-LSTM M4 34 (-1,1 352,32) (-1,1 352,256) (-1,1 802,32) (-1,1 802,256)
5 27 P )E Pooling 2 4k (-1,1 352,256) (-1,256) (-1,1 802,256) (-1,256)
6 Repeat Vector JZ 3 4 (-1,256) (-1,450,256) (-1,256) (-1,450,256)
7 RS2 LSTM M 4% 3% (-1,450,256) (-1,450,128) (-1,450,256) (-1,450,128)
8 Output layer 3 4 (-1,450,128) (-1,450,1) (-1,450,128) (-1,450,1)
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Fig.9 Loss of verification set and test set
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MAPE 4355 0.661 1 Jt/kg*s 0.501 4 Ji/kg. 2.113 8%.
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24 1

TR ETES A

TR S 2] IR S A A TR0 263

K G RECN 11 do ASIEARRLETRI_E s, &K
5 LSTM. Seq2seq. TCN-LSTM. CEEMD-TCN-LSTM.
CEEMD-TCN-Seq2seq #5284 ()Pl R R BEAT X b, #4504
TR ZE LS R AR 3 Fror, Tllgs Rl 11 s

50

—— 9B Actual value
—— TWIE Predicted value

I #% Price/(JG kg™)
- -
(=] W

(%)
[

pamad

30
2019-09-14 2020-01-14 2020-05-14

4] Date
B 10 e 4R
Fig.10 Validation set forecast results
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Table 3  Error comparison results of different models
sy PHRRE I

2020-09-14

¥R SEELEN R e
TR A4 B Mean Square ~ Mean Absolute e
Model names Error Error Meantzbseollrlrtzr
MSE/(7t'kg?) MAE/(7T-kg™") perﬁgl}% ™

LST™M 5.074 2 1.790 7 7.950 4

Seq2seq 4.8354 1.586 3 6.152 3

CEEMD-LSTM 4.1655 1.1330 5.2576

CEEMD-Seq2seq 3.2142 0.9512 34256

CEEMD-TCN-LSTM 1.979 9 0.849 5 3.050 1

CEEMD-TCN-Seq2seq 09811 0.708 4 25727

CT-BiSeq2seq 0.657 4 0.504 6 2.116 7
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Fig.11 Validation set forecast results of different models

S5 3 5B 11 W15, CT-BiSeq2seq AL i) T
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Decoder IE#2 )5, T4 2K B 27N, 5 LSTM (1) Fit il
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ELE TR ) 38 $0 4 9% 2h % K - CEEMD-LSTM #5884 75 i3t
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TOOI AR 2 SRt AT LR B AR AE, BRI R R
A B3 G R BORBEAT TN, R AT LR B # B T
WG —REHEE, D TRZ .. A%E CT-BiSeq2seq
LR I R BN B AR A% (TSR s B e fe, B
TR JE R TR, HAh S80S 10 IE S B 1)
SHIRFF—8, RIS RWE 4 Frr.

Fz4 TRIFRRBAERTUNER
Table 4 Prediction results of model with different lag days
Ei=ta i JG RHL Lag days/d
Index 3 5 7 9 11 13 15
MSE/(Jt 2-kg'2) 1.1396 1.0038 0.8771 0.7823 0.6574 0.7092 0.8209
MAE/(fD'kg'l) 0.9739 09216 0.8461 0.7623 0.5046 0.6877 0.7814
MAPE/% 4.3428 3.7120 3.0386 2.7074 2.1167 2.5975 29173
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Table 5 Comparison of prediction errors of different agricultural

products
s FHLRRTE Pt R
. i PRI R 2 540 o LR 2
K5 M Mean absolute Mean absolute
Type can Sanie er_ﬁor error percentage error
MSE/TLke) AR/ ke MAPE/%
J3% Spinach 0.627 7 0.543 1 3.2047
4 Apple 0.463 2 0.442 5 22361
A egg 0.5526 0.5339 22314
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Table 6 Test on lag days of different agricultural products
B Eizpan i J5 KA Lag days/d
Category  Index 35 7 9 11 13 15
MSE/(Jt 2~kg'2) 0.892 0.817 0.726 0.685 0.628 0.689 0.713

Sﬁih MAE/()T:~kg") 0.824 0.763 0.696 0.617 0.543 0.594 0.647
MAPE/% 3914 3.747 3.584 3.358 3.205 3.385 3.442
MSE/(JT 2~kg'2) 0.675 0.563 0.422 0.446 0.463 0.519 0.567
ii MAE/(Jtkg")  0.667 0.534 0.416 0.428 0.443 0.484 0.533
MAPE/% 2.637 2.432 2.078 2.178 2.236 2.613 2.728
W MSE/(JT 2~kg'2) 0.796 0.727 0.633 0.586 0.553 0.607 0.648
Egg MAE/(fu-kg'l) 0.773 0.692 0.614 0.546 0.534 0.573 0.619
MAPE/% 2779 2.542 2438 2316 2.231 2.442 2.574
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Agricultural product price prediction based on signal decomposition and
deep learning

Wang Runzhou, Zhang Xinsheng™, Wang Minghu
(College of Management, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: A stable price of agricultural products is of great significance to the social economy and agricultural development in
recent years. But, it is difficult to accurately predict the agricultural product prices, due to the non-stationary, non-linear, and high
volatility. In this study, a novel prediction model of the decomposition-reconstruction-extraction-associated-output agricultural
product price (CT-BiSeq2seq) was proposed using signal decomposition and deep learning. The multi-dimensional data was
added to improve the model prediction accuracy, such as the average temperature, and fertilizer cost (price of pig formula feed
and urea). Firstly, the original price series were divided into simple ones using the complementary ensemble empirical mode
decomposition (CEEMD). Secondly, the original price series was reconstructed into the high-frequency, low-frequency, and
residual items, according to the Pearson correlation coefficients and the decomposed subsequence. Thirdly, the data features of the
reconstructed sequence were extracted via a temporal convolutional network (TCN). The 7-dimensional data was input to extract
the influencing factors on the price of agricultural products. The output steps were similar to the input ones. Fourthly, a Biseq2seq
model was constructed with an encoder and a decoder. A bi-directional Long Short-Term Memory network (Bi-LSTM) was
introduced into the encoder to strengthen the global correlation between sequence data. Finally, the LSTM network was
introduced into the decoder to output the predictive value of the number of steps. Taking the pork price of the Fengtai District
wholesale market in Beijing of China for empirical analysis, the prediction performance of the CT-BiSeq2seq model was
remarkably better than the rest benchmark models, indicating the number of lags reached the optimal in 11 days. The mean square
error (MSE), the mean absolute error (MAE), and the mean absolute percentage error (MAPE) were 0.657 4 rmb*/kg’.
0.504 6 rmb/kg. 2.116 7%, respectively. Furthermore, the few-day lag cannot fully reflect the overall characteristics of agricultural
product prices, where there was easy access to fall into the local optimum. Once the lag days were too long, overfitting was easy
to occur, leading to low prediction accuracy. An accurate and stable prediction was also achieved in other datasets. The MSEs of
spinach, apple, and egg were 0.627 7 RMB%/kg’, 0.463 2 RMB%/kg’, and 0.552 6 RMB?/kg?, respectively, while the MAEs were
0.543 1 rmb/kg, 0.442 5 rmb/kg, and 0.533 9 rmb/kg, respectively, and the MAPEs were 3.204 7%, 2.236 1% and 2.231 4%,
respectively. Therefore, the agricultural products with large price fluctuations were suitable for the large lag steps, whereas, the
small price fluctuations were suitable for the small lag steps. A large number of lag days were completely learned from the trend
in large price changes. The short lag days were used to fit the time sequence in the smaller price changes, due to the relatively
stable trend of price change. Specifically, the prices of spinach and eggs fluctuated greatly in the data range, where the loss error
reached the minimum over the 11 lag days, respectively. By contrast, the price of Apples fluctuated less over the 7 lag days. This
model can provide a strong reference to forecast the price fluctuation of agricultural products.

Keywords: agricultural price; price forecast; complementary ensemble empirical mode decomposition; temporal convolutional
network; bi-directional sequence to sequence model; long-short term memory
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