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Seq2Seq Water Quality Prediction Model Based on Wavelet Denoising and LSTM
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Abstract: Building water quality models to predict variations in water quality is essential for drinking water safety,
human health, and ecological balance. In this study, a bidirectional two-layer hybrid Seq2Seq model based on wavelet
decomposition denoising and long short-term memory (LSTM), i.e., a W-Bi2Seq2Seq model, is proposed to predict
changes in water quality. The Daubechies5 (db5) wavelet is used to decompose datasets into low-frequency series and
high-frequency ones. The high—frequéncy series are removed as noise, and only the low-frequency signal is kept and used
as the input to the proposed model. Data series of four water quality indices (pH, NH3-N, conductivity, and turbidity) are
collected from the Menlou Reservoir in Yantai, Shandong Province for model training, verification, and testing. The
proposed wavelet-based bidirectional two-layer model (Bi2) is compared with the wavelet-based unidirectional one-layer
model (Unil), wavelet-based bidirectional one-layer model (Bil), wavelet-based unidirectional two-layer model (Uni2),
traditional LSTM model, and LSTM model based on wavelet decomposition (W-LSTM). The experimental results show
that all the four Seq2Seq models have favorable performance in fitting the historical datasets of the four indices during the
training process. Nevertheless, the testing results indicate that Bi2 is superior to the other five models in terms of

prediction accuracy and generalization ability and significantly improves the prediction accuracy on water quality data
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with high complexity.
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Unil A 0.001900 0.0436 0.000137 0.002200 0.0469 0.000863

G5 0.002500 0.0501 0.000 106 0.004400 0.0663 0.000113

U 0.002 600 0.0510 0.000 045 0.002 000 0.0447 0.000037

pH 0.000222 0.0149 0.000 044 0.000356 0.0189 0.000051

Bil HAA 0.000128 0.0113 0.000096 0.000 142 0.0419% 0.000136

LR 0.006700 0.0819 0.000113 0.007700 0.0877 * 0.000 106

WhE 0.002700 0.0520 0.000 045 { 0.002 100 70.0458 0.000037

pH 0.000284 0.0169 0.000019 . & 10.000451 0.0212 0.000024

Uni2 A 0.001700 0.0412 0.0"010 098 0.001700 0.0412 0.000081

GRS 0.006 000 0.0775, 0.000098 0.006700 0.0819 0.000101

W 0.004200 0.0648 0.000053 0.004400 0.0663 0.000054

pH 0.000187 " 0.0137 0.000016 0.000204 0.0143 0.000018

B0 A 'Y 0.000459 0.0214 0.000 102 0.000469 0.0217 0.000117

R 0.002 600 0.0510 0.000083 0.003 700 0.0608 0.000093

U 0.004 100 0.0640 0.000051 0.004 000 0.0632 0.000050

pH 0.009508 0.0975 0.009418 0.009750 0.0954 0.009 625

LSTM 2R 0.001297 0.0321 0.002566 0.001041 0.0301 0.001954

LR 0.0073212 0.0812 0.000241 0.007514 0.0800 0.000201

WhE 0.004 531 0.0702 0.000 064 0.004512 0.0695 0.000054

pH 0.004518 0.0672 0.006 866 0.004 865 0.0686 0.006 546

W.LSTM A 0.001043 0.0310 0.023454 0.001035 0.0328 0.023465

G 0.006 121 0.0721 0.000102 0.006 152 0.0698 0.000098

W 0.004310 0.0665 0.000059 0.004 598 0.0674 0.000052

o BdER B T SCEk[27]
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3.5 MKER

6 FivBE A (I 5 SR b n 5k 4 RIS Bow, B
T F, £ pH E N E R 4R b, Bi2 BAT S i il
PEGE, TR W =, e MSE. RMSE FI MAPE 433
9 7.33E-04. 0.0271 A1 0.0025 (£ 4). SR, HAth 54
S LEAE AL Unil. Bil. Uni2. LSTM LAK W-LSTM ]
MSE. RMSE Fl MAPE W% 25K, K HAR 5 4
XoF LU ASE R P TR0 A4 6 AF X I ASE 2 ) 00 et L it 2%
(B 5(a)) #E—2 SR, Bi2 XF pH (KT #2855 52br
B S SV A BT T Unil (O TRINME A& —%
B2k, R B AE S A 2. B Bily Uni2,
LSTM Al W-LSTM #f 7] AT 2 pH Fa 4 113 24
F, ABEATHOR T HEshiEEE (B 5(a)).

LA 5, Uni2 F1 Bi2 #E5A JEH i i 7 14
fie, DA H AR R 2, MSE (3.30E-07 il 4 46E—07).
RMSE (5.75E-04 1 6.45E-04) %n“MQPE (0.019 7 AN
0.0239) (3 4). Unil il Bil e th Hll 50 2 8 ks, 8
XA )% 2238 K Uni2 A1 Bi2 (B 5(b)), LSTM
AT W-LSTM 5 Unil M1 Bil ALk, #2280k, SRR LT
T A . BT RS, WP 45 R BoR
Bi2 B A it /M MSE (6.84E-05). RMSE (0.008 3) F1l
MAPE (0.007 4), 3B Bi2 B A7 & 4 0 70 14 sg; 1
Unil 1 Bil (70 28 LT /2 4k 1, 3L AR Ak
Al T a R it & 3l (B 5(¢)).

IR &, MSE. RMSE F1 MAPE MR PFA% 12
ZERER, AR 6 AT AL Xof vl FEF ) 6 A O30 s S ok
oAt 3 AN FEBR I OIS B2 v (R 4). B e B2 i At

ETA BN EIRE PR RE, HARWESIBK, bk |

TR T e LA A TSN 0k Bt A, B A 2 K
R R (B 5(d)). s8I, 53l 5 AN AYAH L,
Bi2 [{] MSE fil RMSE VFiliir 52/, W Bi2 A R
BT (TR S 5. BN MAPE (0.1142) 152, #2153
B Bi2 AL O A 22 88.6% (K 4). VAl ELE it
LR B W B T Bi2 B hr r T Ak, L AR S T iR
IR H A 3 B AT Sy T At 5 AR TR &5 A
SV (R J Rk 2, N BEAR L b T A (B 5(d)).

4 25

AR ST A T B /N I8 G il 25 T AN XL JE XL 1]
Seq2Seq FR & 7K 5T Fil il B A (W-Bi2Seq2Seq). 7N
O3 FR 25 RAIESE, R4y R 23— R i R 2

He, REX RS DL B DY BRI 5 (rA4): (1) 2K
56 S B B s B2 1) B AR BMEL; (2) B AR K dim R 2% kA
NS 7 X I 8 040 S W ) A RO R (3) R AR 2
e

F4 4PN Seq2Seq BLALAT LSTM. /Mg W-LSTM (K]

WA PEA 45 R
(i) SIS TR R MSE RMSE MAPE
pH 0.003 80 0.061800  0.0061
) A 7.88E-07 8.88E-04  0.0378
Unil L B
S 5.03E-04 '\ 0.022400  0.0206
1‘31;;-2 " 4728200 68.76200  0.3807
\ pH 0.007900 0.089300  0.0076
B " A 1.03E-06 0.001000  0.0427
1
S 5.79E-04 0.024100  0.0224
blityics 6405.300 80.03300  0.4891
pH 0.006 500 0.080300  0.0071
) A 3.30E-07 575E-04  0.0197
Uni2
S 1.48E-04 0.012180  0.0111
blityics 4276.900 6539800  0.3467
pH 7.33E-04 0.027100  0.0025
B0 A 4.16E-07 6.45E-04  0.0239
1
S 6.84E-05 0.008300  0.0074
blityics 420.9100 20.51600  0.1142
pH 0.116726 0.339200  0.0364
A 8.81E-05 | 0003429  0.0567
LSTM L
WS 6.57E-04 70045812 0.0287
\ W - 6541.00 90.12500  0.5173
\ pH 0.075691 0.027511  0.0261
|
g A 4.25E-05 0.001642  0.0262
W-LSTM
S 5.06E-04 0.021978  0.0183
blityis 4678.400 67.54892  0.3968

VB B R 3 SCRk[27]

FIT R FH /N DU X B (Bi2) VEAl 45 R 5
AN B R B AR RS (Unil). /NEEE XA AR (Bil)-
AN UZ B B (Uni2). LSTM A8 DL K W-LSTM
B () 285 AT L. VI ZRIPAG 45 AR, 2 4 Fb
Seq2Seq B EL A& [ 1T LSTM Al W-LSTM #E74, Jf:
HXTAS [R5 25 72 B 1) K B 5080 #8 A R 4 iR 4805 R 7.
SR, MR P 45 R 8, Bi2 5 HiAh 3 F Seq2Seq
RERFH LY, 75 TR0 52 2% P P 4 oo 1 7K o 25040 B o L
s A A A S5 1, Rety B8 e AR B 1) T
DUKS FE ANz AL RE
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