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Abstract

To tackle the problem of unsatisfactory classification performance of single machine learning mod-
els in processing nonlinear and periodic water quality data, this paper proposes a CNN-LSTM-Trans-
former model integrated via an attention mechanism. This study selects time-series data from ten
water quality monitoring stations in Gansu Province in 2023 and carries out data integration in
combination with practical scenarios. In terms of outlier processing, outliers are first identified and
addressed with tailored methods according to different situations; feature selection is then imple-
mented to extract four features with the strongest correlation to water quality categories. For model
construction, the CNN, LSTM and Transformer models are fused through serial connection com-
bined with the attention mechanism. Experimental results show that the proposed model delivers
better classification performance and smaller errors than traditional single models, with a preci-
sion rate reaching 96.2%. Further ablation experiments demonstrate that the accuracy, precision
and recall rates of the fused model are all improved by approximately 10%. In addition, validation
experiments on other datasets verify the strong robustness of the model. Benefiting from the atten-
tion mechanism-based fusion, the proposed model possesses a certain self-dynamic adjustment
ability and favorable adaptability to diverse datasets, providing a valuable theoretical reference for
practical water quality classification.
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Table 1. Description of main indicators for water quality data

= 1 KRBIREZEIEIRAR

KR LA ik
K (‘C) SRR R A
PH (L&) FAER IR
bl ey (mg/L) KPR S
SRS (nS/cm) SRR AR TR
T (NTU) RAEAKAVE L
R IR Bh R AL (mg/L) SRR AT B A WL S IR SR A IO &

DOI: 10.12677/aep.2026.167127 1259 N RI R Y


https://doi.org/10.12677/aep.2026.167127
https://szzdjc.cnemc.cn:8070/GJZ/Business/Publish/Main.html

R, il

A (mg/L) KB ESES &
JEx 1 (mg/L) TR A Hh 2 2B S AT
SEA (mg/L) KA & AU

2.2. CNN #FRHZ Mg

CNN AR 28 0 2 5 — Mo Dy AR B s 45 4 e e v FRORBE 29 ST, Ao il SRy BRIk +
HOL s @AARBURHE, T AT ER. SR EEARELLT L

(1) BRZ: HBRRZRINRSFAERE, 4 Al e siARoRm, SEBURMRAE, AR &2
HoL=, WAHE.

(2) WAL : X RZ i AR B REAT ToRAE, A KB XAk, R B S B ARFAE D [R) ff
A/ NSHRAERE, SRTTH AR RYTZ ALfE

(3) AiEHEZ et Ab J2 a0 e ) 22 EAFAIE 11 JR 1 D — 4 ) i, Sl A TR SR SE R 2K IR SRR 55

(4) Boh A EEPEMEEEZEEREAN, SINIELYE, AR A B KR

2.3. LSTM EHAICIZ HEZ M4

LSTM & — MR IR AOTE P22 I 2%, 11 FISRAR AL S8 RNIN 72 AR BE K P 41 it i 368 1) IR
SRR, LA P VR R R RN ) R FAZ O AE T 5N T ACAZ B e AT TR o fEH] — AL TR “id
feamif” , SRR S, EEEE=A 077, RETIRF T LSTM AUl 5 S fe

W

Hr:
BRI dugidiZ oo h s A5 B 7R S s
f =O'(Wf '[hmvxt]"‘bf) 1)
LD NP == EE K PN Sl (L PSR ¥ 2 e NS ok VAL S
i =0 (W -[hx]+D) @)
BT PR AT IZ T R B B R — i A
0, :O-(Wo'[ht—l’xt]"_bo) (3)
ik i1z
¢ =tanh(w, -[h 4, %]+b,) (4)
32 STk VA
C = ft G+ it 'Ct~ (5)
iy
h, =0, -tanh(c,) (6)

Horp, WIHEREZRIR &R HERICIZ I cell (S HOERE, x AARHIA, h AARERBARR, EEARFMHAMN
SR A B WS, o 10K sigmoid BIE R AL, tanh AR tanh WS R AL, LSTM S5 B 1 fio:

DOI: 10.12677/aep.2026.167127 1260 N RI R Y


https://doi.org/10.12677/aep.2026.167127

R, Mb

Forget Gate Input Gate Output Gate

@ s ® Q

© L :
i
ft
lt ét Ot
(2] [ [ [l S |

Input

data @

Figure 1. Schematic diagram of LSTM structure
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Figure 2. Architecture diagram of the Transformer model
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Figure 5. Correlation degree diagram between each indicator and water quality grade

B 5 BIERSKREAN N XIKIZEE

4. RAERBRIYHIFISCUESELE
4.1. phEIEETRP

CNN-LSTM-Transformer ffi & 15574 () B8 SE Al 2 37 AR RRAE 23 1B BLAMAE TR 2 1o X —JREER B, A[H
TRPE 5 ) ZEAE) e 0% WA () i N B AR SR 0 AN R SRR, T8 il 3% R AAE T DA 2 B 5 AR
T AR AIE 2 ]

CNN & R AR B O L 1) 2k T 5 AR B R A e R 1, B B RUZAERT 8741 B 3h, Reeh
A HE 7K BT b 75 SR BT R) 7 P B DR IBRAE 2. 7EZK B a3 st rh, CNIN 2 4 S $E B[R] — B )20 AN
7K R AR bR B, fEHE—mZ, pH BRI S E AR EAERE A KR, CNN BB IEIL S
FRERAE B 352 21X Bl s i S e =

LSTM FRIB 34 st el A e VR T AR i T 1L, BFEBUS T, N TR ] IR LE T 4
{3 LSTM et e B M Z AIE S 5 B, AT A 28040 B K5 50080 Hh 1) R ¢ & o 7E 7K 5 B il
VFZ2 K e bR B B S B P AREAE, o R ) H AR 5 ek BE R 2R R B0 S, LSTM JE it 4
PR S FIRIEOIRAS , AT DU SR B 55 4 R S A X

Transformer )4 & G UL AR ILAE L FE R UL B S48 00)F HIBAUAN, Transformer f¢
W BT A R R PN B 1A B SGRRLEE, T / HOBEE I B B AR « 1X (895 Transformer 7EAL3
AT EHE K BE B AR ¢ R B B, B LS G R A R R PR SR AR
KB B A 45

FETREAE 2 B) EAMAE B, AR FUER T IR DRGSR . RS AR B IR S . e iX = A
RS E R R R AT B RR S, SRS R R VE R I WL AN [F A AL R R AE B 5

DOI: 10.12677/aep.2026.167127 1265 IR AT


https://doi.org/10.12677/aep.2026.167127

R, il

4.2. BRERRRSHLE]

H IR B SR SR FH st ik QAR AR A AL, BRI B R R AR I 2 IR R . TEIXFRZEM 1, CNN 1
SRR UK SR )R AL, AR R R X SR EAL 6 2e LSTM HEATIN FP 4245, 5%/ i Transformer #E4T 425
RIKIT AT o 3 IRRR A RO RS O A T SR SEBLAN [RS8 ) AR A 336 R P2 500 5« AR 7K BTN PP 283 e,
BNBE S LR = gEikm X e RPTF, Ho B RRHLKADN, T FoRE D E, FRRFHELERE

CNN ZHJSIURH — BB URAE, @i BBULAERS 18] 5 51 _E 08 S UR B RHE . BRI RN
BN 3, IXAFEBLREM TR B P ARG, NAZEREZ N FPER .. BRRNEEEREN:

Hew = ReLU(ConvID(X,K,S)+b) (12)

Hrh, K#REFAD, SEREK, bFrmENE.

LSTM JZ I SEEL T B2 FE M N ZESE I UCHED ) 3. BT CNN it (RFIE4ERE 5 LSTM (% N ZRA
—H, HEES A AT . LSTM ZISEVEFRE LN IR: w5k, K CNN HiHh iRiE sk &
BEATHEFEVRE, A [B,T,ClHEHAE S LSTM MINIIRS N[BT, H gy | X Fedflid 4184 2 520

H . = Linear (Hgyy, Higry ) (13)
Forb H gy B8 LSTM WIBSIECER T )5, RIS RHIE 7 H14 N LSTM 4%
Hysrw (Cohy) = LSTM(H,,(Co. 1y ) ) (14)

o C,, hy 24 RN MR A5 R RO 25 .

Transformer [0 SCBLRF 2 Sk EVER AL, A0 T B B 51 b A R R B2 ) AR 2
Transformer 44 (0 SEILELIE S MEBRIAR, B MRIDE R4 S TR A2 M % T
. LERVOKR 424154, Transformer [ 04 & LSTM Hi i HOBARUIRA FF A1), ek 1 21 BU,
R Bl 2 5 B0 e )25 R IR A2 ) 1 52 28 SRRt

4.3. FEIRAHE

R IRl AR 5] N R I, SRS R RARAE (B A IR & . X R G 7 SRR AR AR

P ELAR K TR R R A, I S 1 R A R B ) B R . R DAL B R 2 2 RS
(MLP)Z5#4, ¥ CNN. LSTM. Transformer [ i RFAEREAT Hf 4, SR 58I AR Lot AR A il e JU AL R

H,, = Concat (H ey, Hisry. H (15)

Transformer )

a = softmax (MLP(H,, )) (16)

Hh, a e A =4k, 4E09[B,T,3], A% B CNN. LSTM. Transformer —FRFIERIALE .. B35
B3 FEH LI ) S 5 25 IS AN R 7 5 FARHEE AR . flin, FEKBCFAR 3, LSTM $2EUKIT
PRI SE VBB TAETS G P A 2RI, CNIN SR B 5 B 8 R SE DR B . Sl Ve oL, B RE
2 3] IR 37 AR A EE 2 B AT ALE > e

Hossion = 8cnn © Hown + st © Histv + ranstomer © Hirranstormer a7

Y = fclassifier (Hfusion ) (18)

Hrt, o RoRIURIRERAE . ZRIGER PRI — PRI TREEROR, B VARSI
TERINURISN, 3R] UAAERG HELE BRI (R 4 S5 17 Sl BErHE R ML, TR R IRIERE I M, IXFE
BEUFRENS T 4 MU AR K BB AE AN R B ARAE R . gy H B AR ROHEZL A, ILIE] 6.
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Figure 6. Framework diagram of the fusion model

Bl 6. mAREEERIESRE

4.4, MERERSHEIRE

A PyTorch #E4740A%, F conda &M ST IR EEAE A2 6 R4
TERAA)I i FE T, ﬁ%w%%%ﬁﬁﬁﬁﬂﬁﬁ,Em%ﬁﬁ%ﬁ%,x%TAMm%%%,%
IR E N 0.001. BRIREA /1 BARS BN & 2 Fios:

Table 2. Experimental parameters

,» L% GPU iz

AT AR K

2. XWBHR
ZHALTR ZHE ZHE
Num-epochs BRI 2510 S50 5L 400
Batch-size REUEAEI N I FE AL 512
Num-classes IR 53 5 28 ) 4 3
Window-size I B & RN 4
horizon T A K 1
Num-features AN I 1B 25 1 7K SRR AE 2 4
Input-channels CNN % N s E %L 4
Cnn-out-channels CNN &R = (144 H e TE 4 16
Kernel-size CNN BN 3
Hidden-size LSTM, Transformer B2 4EE 128
Num-layers LSTM 11241 2
dropout BE AL S 2 0.2
nhead Transformer J£ 3 /733X 4
Num-transformer-layers Transformer 2wt 3% /= 44 2
Ir Adam Al a8 27 2] % 0.001
Train-size WIGRER S H 4 &R 1 e 4 0.8
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4.5. SRROEER

PR PITKIE B T CNN-LSTM-Transformer Rl & BB AIZR RS, BRI RIF HISUEREE . X T
HEff A 2k, {ERT 50 1> epoch W, UIZREEMIGIESR A HERG R RIEIRTE 22 900% L I, R UIZREEERG F A8 E
£ 98% /e A7, MG IR FREAE 95% /0 A7, WAL 5T e ook, BEPRIEAR K I 20 (A% O RFAIE o

XFTAk 4, fERT 50 > epoch Y, YIZRAE RIS IESR A R RE R R 0.3 LR, S5 vEm 2 p P
IR I HEA RIS BEIER, Safaeisi® 0.3 LUr . BAASURILIE 7, &8, % 3.
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Figure 7. Experimental accuracy results
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Figure 8. Loss curve of experimental results
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Table 3. Classification results

FT3 PREREK
TR A
MI[E3S 98.4% 0.19
MR 96.2% 0.26

5. JHREXTELSCRRFN;Z L SLI
5.1. jHRhxTECsCIE

N T HAE CNN-LSTM-Transformer ffi & 88 (0 BdE ,  FRATRT AR AL (5 1 J oS B sieity,  — i vl
LIRS L B — R R B PN AR S 5 — T3 T R AT DA S R S R A 8 0 AR EE . Y s 0 R 4 R T AL

9, BALERSHINA 4,

0.98

0.96

Performance Comparison

Accuracy

[ precision

Recall

I F1 Score

Figure 9. Bar chart of ablation experiment results
9. iHRASLIREERE

Table 4. Detailed results of ablation experiments
4. HRLCIG B REREK

R AR S i i o
CNN-LSTM-Transformer 0.962 0.958 0.960 0.959
CNN-LSTM 0.873 0.872 0.870 0.871
CNN-Transformer 0.869 0.868 0.867 0.868
LSTM-Transformer 0.858 0.857 0.856 0.857
CNN 0.823 0.822 0.820 0.822
LSTM 0.838 0.837 0.836 0.837
Transformer 0.829 0.828 0.827 0.828
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MGEFE 9 hIRATATLLE ], CNN + LSTM + Transformer & A B itk GE B LK, HLAERIR . ks
W, ARE&E, FLEBEGE 0.96, SRR fE A B BAL T BmKF. AR RHER . R
AEE, FLEBUEA T, X SBR R A [FVPA 4ERE IR IUAR 3947 . X T8 —#580, CNN
BT (R 56 0E 82% 40 47, LSTM MR kA 26 7 83%~84%2 7], Transformer 57 [ #Effs %€ 7F 85%7c 47,
CNN BRI HER S i AIK, f2N'E R BRI IUR ERHE, 1RAMEZ BRI EE R, AN — B R Fil BUR
TEAN TR AR T R 0 =AM, HER R ERTE 85%~87% 2 1],  ERAR TN AR AR T B — R AT 4R
Tt, AEEFE E Rl SR R RO — 8 .

5.2. ZHXL

N T 5AE CNN-LSTM-Transformer BR-&HEAYMZ ALRE 7T, kG iz iy FOn) B — Bl AL A & F2 B =
MBS, FRATTSGEICT HR A8 I K A RO KA I PR A3l s 2023 4R (1850405, DS1 A i T 32 BB FR) A3 1
HE TR A R A, O T IR UE R S AR R B, I RIRA T B B S HR AR KA )
ANl SIS AN 5 BTN

Table 5. Validation results on other datasets

=5 HtBUIREWIEERE

i 55, TR =R A
[&] 7K 7 A 0.947 0.21
WK 0.935 0.35

M EZWT LA, CNN-LSTM-Transformer fi & R 3 78 H At Bt 4R 1) 70 B RCR R ARG 1, A HER
I, SORE ARG, SRR ARE e, WA ISR .

6. &g

A R LAE S AL B S R i CNN-LSTM-Transformer A8, X H k& i B 10 AN W5
AKIFREAE AT 7328, FF ELId I I B S 5 A0 A SR IR A3 2 DL T 416

(1) 7EHEZT: S8 H 2 e A AL B S BN AR PRARHIE R 77 28, SRR S /K B s s, 38 T
AKEE . EECH T RKT R R I DYANREAE, B, A, B, R R feHox YA
FHE, W07 TEE.

(2) FEAETR T MR T 1R AIHLHI Fl A 1) CNN-LSTM-Transformer HEZE, SZHL T 2 4k 2L b 7] 42
Y,

(3) TESKEGJZ M : AL ) CNN-LSTM-Transformer fifi 245 A X T 5 — B L85 2% ST AR R A o 471 43 2
R, HAEWRIAR] T 96.2%, FEHIFN 95.8%, Ui IRRIRT

£ E&WA
A BRI 4 (No. 2025-2J-902T).
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