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Abstract; To improve the prediction accuracy of water quality time series, a type of prediction model based
on wavelet packet transform ( WPT ), chameleon optimization algorithm ( CSA ), cheetah optimization
(CO) algorithm and mountain gazelle optimization (MGO) algorithm is proposed to optimize the gated re-
current unit (GRU) and long short-term memory networks ( LSTM). Firstly, the time series of pH , DO,
COD,,, and NH,—N are stabilized by WPT, by which several regular subsequence components are ob-
tained. Secondly, the CSA, CO and MGO algorithms are briefly introduced and then applied to the optimi-
zation of the hyper-rparameters of GRU and LSTM, by which the WPT - CSA - GRU, WPT - CO - GRU,
WPT - MGO - GRU, WPT - CSA - LSTM, WPT - CO - LSTM, WPT — MGO — LSTM models are estab-
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lished. Finally, the established models are used to predict and reconstruct the components of pH, DO,
CODy, , NH,—N, meanwhile, WPT - GRU, WPT - LSTM and WPT - CSA - SVM, WPT - CO - SVM,
WPT — MGO - SVM models are established for comparative analysis. Then the models are verified by the
prediction of pH, DO, COD,,, NH,—N of Guanyinshan section in Kunming, Yunnan Province. The re-
sults show that the prediction accuracy of WPT — CSA - GRU, WPT - CO - GRU, WPT - MGO - GRU,
WPT — CSA - LSTM, WPT - CO - LSTM, WPT - MGO - LSTM models for pH, DO, COD,,,, NH;—N of
the case section are better than the comparison models with better prediction performance, of which WPT —
CSA - GRU, WPT - CO - GRU, WPT - MGO — GRU models have the highest prediction accuracy; CSA,
CO and MGO can effectively tune the hyper-parameters of GRU and LSTM, and significantly improve the
prediction performance of GRU and LSTM ; the six proposed models have high prediction accuracy and small
calculation scale, which can be recognized as effective prediction models for water quality time series. This
study can provide some reference for relevant water quality prediction research.
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WPT-CO-LSTM  2.685 0.154 0.201  0.9842
DO WPT-MGO -1STM 2.417  0.135 0.183  0.9869
WPT - GRU 3.193  0.196 0.254  0.9749
WPT — LSTM 3.388  0.202 0.260  0.9737
WPT - CSA -SVM  8.368  0.490 0.633  0.8436
WPT-CO-SVM  8.363  0.488 0.629  0.8456
WPT -MGO -SVM ~ 8.324  0.485 0.630  0.8452
WPT-CSA -GRU  5.391  0.014 0.019  0.9984
WPT-CO-GRU  7.030  0.019 0.026  0.9970
WPT - MGO -GRU  5.403  0.015 0.020  0.9982
WPT - CSA -LSTM  10.370  0.029 0.038  0.9933
WPT - CO-LSTM  11.383  0.030 0.042  0.9921
NH;—N WPT - MGO - LSTM 8.187  0.024 0.031  0.9956
WPT - GRU 19.384  0.052 0.058  0.9847
WPT — LSTM 20.193  0.060 0.072  0.9760
WPT - CSA -SVM  40.242  0.107 0.153  0.8935
WPT - CO-SVM  38.231  0.106 0.152  0.8944
WPT - MGO —-SVM  37.562  0.107 0.152  0.8941
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(d) HN,—N BEAH 0348 22 0 [b

T AR5 1 ~ 11 43504 WPT - CSA — GRU,WPT - CO - GRU,WPT - MGO - GRU,WPT - CSA - LSTM ,WPT - CO - LSTM
WPT - MGO - LSTM,WPT - GRU ,WPT - LSTM ,WPT - CSA - SVM ,WPT - CO - SVM ,WPT - MGO - SVM #i 7

E S ETRMEEIRSSLEIETE 4 K BE R

iR 1 & 5 AT LA LU F 2538

(1) WPT - CSA - GRU %5 6 FhA%i 58 %t 52 451] pH
{E 5 (9 MAPE 7 0. 230% ~ 0. 459% . MAE
0.019 ~ 0. 037 mg/L. RMSE ) 0. 023 ~ 0. 046
mg/L, IREREL DC > 0.993;%F COD,, ¥ B T i
MAPE }70.991% ~1.823% . MAE 3 0.096 ~0. 182
mg/L. RMSE 7 0. 129 ~ 0. 228 mg/L, i E 2 %k
DC > 0.991 ; %} DO ¥ BEHi () MAPE }1.200% ~
2.685% . MAE }5 0. 073 ~0. 154 mg/L. RMSE ¥y
0.094 ~ 0. 201 mg/L, Y& R % DC > 0. 984; %}
NH,—N ¥ BT i) MAPE 5.391% ~11.383% .
MAE 5 0. 014 ~ 0. 030 mg/L., RMSE 5 0. 019 ~
0.042 mg/L,Je5E 2% DC >0.992, WS B4 T
WPT - GRU., WPT — LSTM, iit fit 7 WPT - CSA -
SVM . WPT - CO — SVM, WPT - MGO — SVM % #1
LI MAPE $¥A 4845 J9 5], WPT — CSA - GRU %5 6 Fp
BEAINT pH {H 2 COD,, . DO NH,—N ¥ B (1) 5000 K
JE# WPT — GRU, WPT — LSTM £ %I 73 5 $2 &5 T
45.1% . 32.7% . 15. 9% . 41. 3% D), % WPT —
CSA —SVM, WPT - CO - SVM, WPT — MGO — SVM
RS 2 T 68.2% (70. 0% 67. 7% 69. 7% L)
o AT ASCHE ) WPT — CSA - GRU 45 6 Fifi

HRIBINRE

TR ELAT BB O TN A5 , oy FH 7K B T 2 T A 7 1)
o WPT - CSA - GRU, WPT - CO - GRU, WPT -
MGO — GRU #% A () Fi il %% 2 ff F WPT — CSA -
LSTM WPT - CO - LSTM, WPT — MGO — LSTM #i
AU LA T g ) RUINORG RN Ay Ak e

(2) WPT - CSA - GRU., WPT - CO - GRU,
WPT - MGO - GRU & # %f pH {& & COD,, DO,
NH,—N ¥R B #iill ) MAPE % WPT — GRU #5 % 53
B T 62.9% .59. 6% .40. 8% .63. 7% L) I;
WPT — CSA — LSTM, WPT — CSA - LSTM, WPT -
CSA — LSTM £ 7 Fi il ff) MAPE % WPT — LSTM #
RIS A HL 88 T 34. 4% .36. 7% .20. 7% 43. 6% L)
I+, %W CSA . CO MGO fgA %44k GRU/LSTM #3
SR AN T GRUZLSTM i 4 g, 1M L8 52
R T N TR 8 S0 e 1 = AN s P R SCR AN
R AT, e CSA IRALASCR B f:

(3) DA 7R F1 0 2 SR Xt b K B, WPT — CSA -
GRU . WPT - CO - GRU,WPT = MGO — GRU #%i %1 )
T2k S 4, WPT — CSA - LSTM, WPT - CO -
LSTM,WPT — MGO — LSTM #5% % 15 il % S ik =,
WPT - GRU, WPT — LSTM #5 %Y i Il % SR — %,
WPT - CSA - SVM ,WPT - CO - SVM,WPT - MGO -
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A, sl T RINN AT I A6 5 77 2 RS 32 0 A R] it
e A DR LA TR B 2 > B Ty A B %) B i) 4 A
i m) 8 ; GRU & LSTM (1725 Ff, 2 Sk it bl K 433212
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HHE, GRU $ A B AIK 9 & 2% BE LA S B 4 (7% 1 3 4
fEo FESCBRA A A, LSTM GRU FuiliAs B Ffse stk
FEAR KRR O T S8 (25 2= R R &
2 EREE ) T SRR U R T T
H 7735 MELLTH 2 GRU/LSTM il 755Kk . CSA [ CO .
MGO HA BRI 4 R & 68 J1, b CSA, CO,
MGO J#4f; GRU/LSTM 8 2 15 8] 4= Jmy e A i, A
HFEAR T LSTM GRU 5 [ A Jmy B e A1t M T 52 i) 5
DDA BE R e 5 T EL IS (B AR AR A T 34y 1 4 Re Ak
KA EAR KBRS ] e 51 2 A s i AR L PR A £
FROBESERRIE , R I WPT $E47 43 fif Ab B 45 7K 5 B ]
FPAN 3 i 224 B R A A0 i, N (E AT IR
AR TIN5 P8 P X B i L3 KD TR ALY
TR 25

GRU 5 LSTM #H L, HAF 4549 1o HAR#, )
WPT - CSA - GRU ,WPT - CO - GRU,WPT - MGO -
GRU # % 5 WPT - CSA - LSTM, WPT - CO -
LSTM .WPT - MGO - LSTM #4711y pH {f J COD,,, .
DO NH,—N ¥ B Fit il 45 5L X} Lt >k F , WPT — CSA -
GRU .WPT - CO - GRU,WPT - MGO — GRU #& 71 £
FHE B 16 2 /5 B AL E B8 &, JF &
PR I B Ak Sk ] i AL 38, AT T A () 2
5 ae 77 .

MR A SCHE Y WPT — CSA — GRU 4§ 6 Fi fill
MBSFIAEAEUN ZRRT (R L R G IR TH FE R SR B FIN
o FIBASUURIH T = ma 48 B B 0 & 1L W pH
{H S DO.COD,,, \NH,—N Vi iy Iy s B i A
AT TR AMK KR LA S R K S5 R 2 A2, TR I

VAR K B A 20— BT 2
5 &8 B

SRy v 7K B B[] A0 ) OIS B, AR SR T
WPT - CSA - GRU.WPT - CO - GRU WPT - MGO —
GRU., WPT — CSA — LSTM, WPT - CO - LSTM.
WPT - MGO — LSTM il A5 Y, I 2t 1 5 A%
FLAEARY 256 2 e 44 B B v X0 L B TR 2004—2015
4EZ i pH {H . COD,, . DO NH,—N ¥ Ji i Il 45
), A3 20T 458

(1) ASCHE B WPT — CSA - GRU 45 6 Al
TIN5 2 /N T A6 P AR AR | LA v ) T R
RGP TZ AL RE 7, 4 T 7K S5 Isf [i] 1) 98 00
A 47, H o WPT - CSA — GRU, WPT - CO -
GRU,WPT - MGO - GRU ## %} pH {f } CODy, .
DO NH;—N & B 703 i) MAPE 43 5| 7£ 0. 230% ~
0.310% .0.991% ~1.093% .1.200% ~1.891% .
5.391% ~7.030% 2z [a], DC ¥7F 0.99 D) I, HA
T TR AR

(2) S XF BEALIE | i 3l 45 5 1) K J5 B[] ) 91
FIH WPT X Hfb A7 P Aafb Ab 2, w45 31 5 B AL )
RER T R i NN A | e i)
TR 2

(3) X GRU/LSTM A8 S HE A 11T 3L
T PR B AR R (4 ) B, R CSA L CO, MGO i 1k
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PERE, T H 3R T N T35 88 S50 R 10 s A e
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