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Research of VAE_LSTM Algorithm in Time Series Prediction Model
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2. School of Automation, Guangdong University of Technology, Guangzhou 510000, China)

Abstract: In view of the shortcomings of long short term memory ( LSTM) algorithm in time series prediction, if
the sample sequence contains linear relationship or noise, the LSTM algorithm prediction will not be accurate ,
and considering that the principle of VAE to repair abnormal samples, an improved LSTM time series prediction
algorithm VAE_ LSTM was proposed. The idea of repairing samples was added to the traditional LSTM network.
The sample sequence was input the LSTM neural network for training after repaired, and finally established the
time series prediction model. The method and steps of model building were described, and the principle of model
was analyzed in detail. Using the historical hydrological data series of Hankou of the Yangtze River for simulation
experiments, the results show that the VAE_LSTM algorithm prediction model has better performance in time
series prediction, meets the prediction accuracy requirements, and is more accurate than the traditional LSTM
time series prediction model, especially in the short and medium term; the comparative experiments also show
that the accuracy of this model is higher than ARIMA, RNN and other prediction models.
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AT SR R A 2 1 A PR R 2 ) R N e T P 5 R R A 2
HEEERR T A AL 22 46 ( Convolutional Neural Network , CNN ) X4 45 A AR BRI 000 , ¢ W45 428 1)
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Ay v IS NG LR O 5 71| WS N A S 1N e ] b vr N 1 T v O R o Ly R W R A R v i
BT, @,y sigmoid pREK, @, Jy tanh pRI%L.

B 1 ArE LSTM (&4 & m e H

fr=o(W s [h_,x] +b) ; (1)
i,=a(W, - [h,_,,x]1 +b) ; (2)
C, =tanh(W_ - [h,_,,x,] +5b.) ; (3)
0,=c(W, - [h_ ,x,_,] +5b,) ; (4)
h, = O,tanh(C)) . (5)
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1.2 VAE EX[FE

VAE J2&— o I 0 25 i A8 AR, by S AL g R0 A s P 05 0 2L . 2 B 6 PH R 2 T N 2R B840 1) 0 A
I A N GBS ) PR AR, A 2t 45 I A 5 AT s b, Sl oo TR B 2 Tk A 7

K2 A 3 2 VAE (i IR, JRATTRE WL 2 i B9 2 x, 2 AR 577 2, Y v —z R A
(recognition model) ¢, (z1x) , LT H gl a5 00 Fifihai , Wz (7) 7R s 12— ZLE R p,(w12) , N E S
fth &% (auto—encoder) Y F1 KRG , Wi i as , 4 (8) Frzs.

z ~ Enc(x) =q,(z]x) ; (7)

x ~ Dec(z) =p,(x]z). (8)

Reconstruction:x

B2 VAE RERH B3 VAE ¥ %M ELHDERE

G it o 2 > B AR 9 70 A K i AR WS D s 0 A (8- (B bR iERE o, HEAE RS IE 25 o0 A
HRFE &, LA B E AL 1 Z.

Z=p+00e. (9)
A : ©4 Hadamard FefH. a8 XA & Z FEA TR T A, AR B A REAS.

1E VAE w5 i i RAGIE S B BReR&L L, () RALILRIL -

L, = Eq,(z1x)logp,(x 12) = Dy (q,(z1x) 1p,(2)) 5 (10)
A Eq,(z1w) FKT x BEIMEAR ARG T, FOR BT s Dy (=) 4 KL HUE, HI TR i
(B B 5 2L A 2 5
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W7 1] 27 2], 3k B EROA R RAE 25 SRR Gk 52 UBE T B L il S 80 45 20 (13).
1 (z-u)’ 1 1 (z-u\ ] (z-u
- el ) 1)
Y (z =) /o = e EIRMIIMEN 0, 7220 1 BIFREIES A, M N(w, o) HFRFE—4 2, #I24 T
MNCO, 1) HFREE—A~ e, RJGikz=p + & X o, XAEAEMEEETE LT B R & BEUE , B A] 45 5 M 2%

B SARA I 577 % 320 3 ) R AE VAE BT S8 IAE A (.0 13— 4R EI T X =
g(Z) . TSI 5 IR 1 7 91,
224 YPHESEIBHER

BT LSTM [ 44 AJ2E BOBUZ S a2 B9 91 X = X, X, o+ X, | AbJH LSTM BB A
PSSR LSTV AR B2 20053 2 2, W TE it IV AR 4 R ML T 24 )
e T Adam 2  BEASHC IS — AL IR min—ma BE L (min-max normalization) £ PE 25 i
W BRI [0,1] 2 |, FRE#ON 7R 1522 RMSE (Root Mean Squared Error) .
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MAPE ( Mean Absolute Percentage Error ) 43 70| v Aff .
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Horp B AR A M LN I — A0 )5 B IR B 7 91 K (i AN 2 2% i 2O B8 3l P32 85088 1y 41 RK 1)
R A ML N RE B35 22 7 8] X Bl i ADF AR, 45 RNk 1 FEAMBIZ AT — 51 I, ADF Ko p—{H
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If 18] b TR E R R 3 AR RS Sh I S 8 8l 05 25184 Tl 4 3 3% 1 REARE ST Bl o s  p—HZ
0.04, Ak p—E/RAE A K AEATIRAR B 1A E n] ok — 2P s

T TN SEHER , (] VAE SR REAR I T R R AR P 91 S B S IS REAS TR S AN 2R 18] 7 s
Hrp RO 20 B 5 RECR AAMB SR F R B T Ra - Aa koot a5 R n el 8 535 1°FEARBE R R —51
7. P 8 5181 6 Lo, Z RS S-F-S{EL A2 8475 22 OB SR ASHR A P42 32 1 At s Es LE , p— M
0.04 T RE3 0.03 ZiAy , i LA AR 5 S R~ F A U REAR A i A T A L AR A A T T 1T 5.

B 6 JREAEANH |7 REHATT 5GBEH AT A

& 1 ADF 34 Rtk

Sl HABER HABEE
giitat -2.94 -3.00
p—1H 0.04 0.03
i 12.00 12.00
PUNINE RS 6 179.00 179.00
I FHE (1%) -3.47 -3.47
I FHH (5%) -2.88 -2.88
I AL (10% ) -2.58 -2.58
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ARSIt IS A T3 E , 25 R AN E] 10 P s S (1 FHAT 6 a FEASTINS 3 a, 25 R ANl 11 frok.



Wi, 45 . VAE_LSTM % ¥ 75 i 6] 7 1) P00 A5 750 v (g F 5 99

B9 5aFamlasLibsR B 10 5aFRm2a LisEgR

B 11 6afim3a iR

NE 9~ & 11 JirzR 3 DMEEEARMER ), 06 1 T AOUR R4, JU AR B A B 5 05 3 i ey ¥ 400 &
B, P La0 oy iR 2E MAPE 7R ) VAE_LSTM B335 T i [R] 7y 1) F50 000 o o B A v
3.2.2 sty

1) VAE_LSTM Y5 1.STM B k47 b

TEFHT S a 60 NEHREFING 1 a 12 D5, G TE HABZE A ARR R O T IEFI 20 (LSTM cell) i
Fa 2 200 R 22 0S8 77 AL I (R FE 22 S 00 E 2R I IRl i e 2 77 AR i G B B T i, o T
Xf EEAEAR I B[R] AE - VAE_LSTM 5 LSTM S3.9% Tl v o 2, A< SC 43 il A2 W 2R 5832 vh 4 20,40, 100 4
JARPZICHEAT S, LSTM SEER 25 5 73 i an &1 12 7R, VAE_LSTM S3.3: 45 5453 S an 13 flis.

MR 5% SEgS HRORMER Y, i VAE _LSTM 353 XU FE A 05 T 153 9 MAPE 4333124 0.146 8,
0.116 7,0.111 2, FLJR 4R LSTM ¥ 0.154 0,0.152 1,0.155 3 #3A AH M FEAK, NTHERH T AR = TR
LSTM 5335 Fo 00 Ay o 3.

E 12 LSTM #h 4 &
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5553 AN TR B AR FH000 1, 275 —2H 5250 43 9l FHAS [R) RS R S50 2 a0, 28 = 2H S0 40 0 A (Rl S R F500 3 a,
R 2EBTIELR.

M2 AT LIE ), VAE_LSTM 3357 1,2,3 a PN s B2 7 a3 1At 3 2850, JUHOR B 1
T P O AT T
3.3 LIRS

M T B 5 IR EMAE  AEARE R G RIS B R TR FEA A AU, Wi B A2
FOPAAAER) S FEAS 32 R R A1 2R RS0 20 S AL 58 5 A1 %85 T RO ARLRLRE , 75— DU Sl il 48 i 214 e
o I MBS 5 e 9 BRI ARSI, [ SO T 25 57

A2 REF keI 4Rk

ARMAI RNN LSTM VAE_LSTM
ST
MAPE RSME MAPE RSME MAPE RSME MAPE RSME
F—4 0.303 4 5355.72 0.301 5 7 843.20 0.156 4 4932.18 0.116 7 4 523.76
| 0.298 0 5 828.153 0.353 6 7 743.06 0.175 5 5 955.08 0.142 1 4 864.74
= 0.316 0 6 179.135 0.311 6 6 674.32 0.243 4 5331.38 0.199 3 5 321.83
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