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Fig. 1. The process of data preprocessing.
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Fig. 3. One dimensional convolutional network.
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Table 1. Model error comparison.

RMSE MAE MAPE RMSPE

Att-CNN-LSTM 0.003503  0.002935 0.5305  0.6767

CNN-LSTM 0.006856  0.005444 1.1064  1.7795
LSTM 0.006169  0.005316 1.1595  1.6887
CNN 0.004670  0.003849 0.8802  1.4019
LSSVM 0.009158  0.004307 1.3623  3.8604
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F£ 2 BRLAITHEIXT

Table 2. Model running time comparison.

s Att-CNN-LSTM CNN-LSTM CNN LSTM LSSVM

YIZRAFE] /s 312.7 302 59.5 48.8 215.4

TR /s 0.53 0.49 0.25 021 047

4.2 Lorenz B8] /& %1 Fl
Lorenz JiRIEHLE} 5 #2 4
dz

5 = o),
d

d—z =—xz+cx—y,

d

d—j = a2y — bz. (16)

TR IE N e =y=2=1, 21

a=10, c=28, b=28/3. NUIEIRTME, & FHf
10000 N EdE, YEHUR 3000 %54 1 #5518 £ 4
FEAS. AR CHEHL Lorenz RARY o 43a b AT F000 3
Br, Je M E A% BIE A Cao a2 B SR AGREAS 1 7
IRISFE]) R 17, $RAYERE N 7, M Ja X REA I A 2
] FE AL, 15 2898 AMEEAR, BUAT 80% 1E Ml ZhtE,
J& 20% 1B R 4E . [R)RE 7E 200 B b A 3L
JH Att-CNN-LSTM FAIHEA T Il 2R T, Fm 45 5
FITHIN AR X 12 22 a0 &) 8 R 9 Fizws, & 350 T
Att-CNN-LSTM A5 7 F1 H: b 455 50 frg 75000 152 22 %o
Eb, 2% 4 WIZ T 4 MR )Z 1 s [A].
8 FIE 9 FIF R /R Lorenz(z) J351 T 45

BT T Att-CNN-LSTM K Fimi 4 fig, 55

— HIH
Tt

Lorenz(z)
o

|
ot
T
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I )
&l 8  Lorenz(z) ¥ 51 il

Fig. 8. Lorenz(z) series prediction.
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Fig. 9. Lorenz(z) series prediction relative error.
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[S]

# 3 HEIGEXTIL

Table 3. Model error comparison.

RMSE MAE MAPE RMSPE

Att-CNN-LSTM  0.0679 0.0521 1.2182  2.1102

CNN-LSTM 0.2445 0.1229 3.8849  14.7893
LSTM 0.5152 0.3901 13.6767 43.7676
CNN 0.5356 0.3811 11.0032 33.5251
LSSVM 0.5101 0.3652 9.3543  35.5644
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AR I, IR TN 25 SR 22 /N, K R e, 3k
WAL BIE. R 2 HRER ), 7F Lorenz FEAS
£ FARSCHE Y Att-CNN-LSTM 5 28 34K 4%
i, H Att-CNN-LSTM ) 1 il 4 fig B3 & 4% T
CNN-LSTM, LSTM, CNN F1LSSVM %1 RM-
SE, MAE, MAPE F1 RMSPE P35 #i il #5 75 23 1)
KA ZE 0.00679, 0.0521, 1.2182 1 2.1102, A v H:
Pl RS B B T4 A . R [A] T AE LogistickEAR
£ Y, CNN-LSTM 7E Lorenz FEAEE Y3
PRI AN Att-CNN-LSTM A &Y {H &A1 T2
— ) CNN il LSTM #iA#1 £ I il fg s T R
% e —#iRIh | fF RMSE $8Fr F LSTM il
PERENE4FF CNN, {HAEH A 48R T H 700 4 58

f&F CONN, 4, LSSVM By 454 ZBAL T CNN
1 LSTM. fEi217HY B J5 1, B — A B A A 1)1
SRR B i IS R SR I TR S8R, {H I ]
ZA 4G/, [, 7F Lorenz FEASEE I+ Att-
CNN-LSTM #5532 47 B [ Ik T CNN-LSTM A&

B, ZREHIET, AR SCHR I YRR IR BAT B Y
TP RE.

K4 BALSTTI R L
Table 4.  Model running time comparison.

" Att-CNN- CNN-
il
Bt LSTM  1sTM CNN LSTM LSSVM

YIZRATE] /s 184.6 1939 84.28 51.21 2024
TREa] /s 0.47 0.55 020 0.23 0.45

4.3 KPAEFFE 7 5T

1£ Logistic 1 Lorenz X AP BLSIRIE RS,
Att-CNN-LSTM FHLH T 54 1 B ge, b ie
UFHAE B2 8h )1 RGER R, SR AR BH B i [a] e
GRS I PP . AR SCREE T 1749-2019 4F YK
PHEE 7508, 647 3252 &8, Lt A2s [a] Sk
J&, PP 3094 HAEA KR, IR A A i A AT LA
8:2 FL il 4y, RIAT 80% 1E Al ZhdEfa 20% 1 R
WAL, FEs SRR N E 10 FE 11 Pos, &5
A 6 WA H T Att-CNN-LSTM Ak 7Y F1 H: Al #51
TR T 25 SR X6 L.

ME 10 FIE 11 ] RIAE H, Att-CNN-LSTM
R E K SH 2 B 8] e 270 (8 00001 AT 9% EL AR Aty
(2RI, REASAR s 50 )32 0 i AR fh R 3, RS A
4 B T] S A TR R 22 38 3 T 4.7%, {H 2 AR

ZEMIRPAFETEBARAY K. ANk 3 firsil), Ak Att-
CNN-LSTM A A E 5L S8 a 5 b Ry i $2 7+ A 40
X} Logistic Fl Lorenz 4 B g Kic s 45, (H 2 7
TR ZEAPAIG T HA AR AR . A B Gl TR R Actt-
CNN-LSTM Z /PR T 19% i) RMSE {8, 6% A9
MAE {H, 23% i) MAPE {& fl 4% ) RMSPE {H.,
TOUMARS B A TR SR B B 2. L4h, CNN, LSTM

— HSAE
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Fig. 10. Sunspot series prediction.
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Fig. 11. Sunspot series prediction relative error.

#5  BRRZEX I

Table 5. Model error comparison.

RMSE MAE MAPE RMSPE

Att-CNN-LSTM  20.1829 17.1827 32.8167 42.3529
CNN-LSTM 30.5652 21.4093 67.4343 56.7217

LSTM 24.9137 18.2815 49.5862 62.6939
CNN 24.8534 18.4677 65.3480 44.1892
LSSVM 27.3271 19.4373 43.0987 56.6781

# 6 BURLATTRS XS L

Table 6. Model running time comparison.

- Att-CNN- CNN-
) )
A LSTM  LSTM CNN LSTM LSSVM

YIZRmTEl /s 309.2 291.3 765 53.3 2379
] /s 0.39 043 015 025 0.59
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Abstract

Chaotic time series forecasting has been widely used in various domains, and the accurate predicting of the
chaotic time series plays a critical role in many public events. Recently, various deep learning algorithms have
been used to forecast chaotic time series and achieved good prediction performance. In order to improve the
prediction accuracy of chaotic time series, a prediction model (Att-CNN-LSTM) is proposed based on hybrid
neural network and attention mechanism. In this paper, the convolutional neural network (CNN) and long
short-term memory (LSTM) are used to form a hybrid neural network. In addition, a attention model with
softmaz activation function is designed to extract the key features. Firstly, phase space reconstruction and data
normalization are performed on a chaotic time series, then convolutional neural network (CNN) is used to
extract the spatial features of the reconstructed phase space, then the features extracted by CNN are combined
with the original chaotic time series, and in the long short-term memory network (LSTM) the combined vector
is used to extract the temporal features. And then attention mechanism captures the key spatial-temporal
features of chaotic time series. Finally, the prediction results are computed by using spatial-temporal features.
To verify the prediction performance of the proposed hybrid model, it is used to predict the Logistic, Lorenz
and sunspot chaotic time series. Four kinds of error criteria and model running times are used to evaluate the
performance of predictive model. The proposed model is compared with hybrid CNN-LSTM model, the single
CNN and LSTM network model and least squares support vector machine(LSSVM), and the experimental
results show that the proposed hybrid model has a higher prediction accuracy.

Keywords: chaotic time series, convolutional neural network, long short-term memory network, attention

mechanism
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