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Abstract

Addressing the complexity and uncertainty of township wastewater treatment, this paper
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systematically reviews innovative applications of artificial intelligence in pollutant removal, real-
time monitoring, and process optimization. Considering the challenges of large fluctuations in flow
and water quality, high nitrogen and phosphorus loads, and pronounced seasonal variability in
township wastewater, we propose a technical route centered on supervised and unsupervised
learning: regression and classification models for predicting and classifying key indicators such as
COD, ammonia nitrogen, total nitrogen, and total phosphorus; clustering, anomaly detection, and
dimensionality reduction for condition identification, shock load early warning, and visualization;
and feature engineering enhanced by regularization and ensemble methods to improve generaliza-
tion under small-sample and imbalanced settings. For field deployment, data governance and inter-
pretability are critical enablers: a standardized pipeline of acquisition, cleaning, transformation,
feature selection, and dimensionality reduction builds a high-quality data foundation; K-means,
DBSCAN, PCA, and related methods underpin real-time monitoring, maintenance closed loops, and
operator interpretability; explainable Al with SHAP and partial dependence plots complements
white-box models and rule bases to meet regulatory traceability. Meanwhile, this paper proposes a
governance framework from an ethical and forward-looking perspective: ensuring sustainable ap-
plications through model transparency, accountability mechanisms, and full life-cycle environmen-
tal footprint assessment; and bridging urban-rural disparities through data fairness and privacy-
preserving governance. Looking to the medium and long term, we advocate for hybrid modeling
that deeply integrates data-driven and mechanistic models to enhance the robustness and transfer-
ability of models under sudden changes in operating conditions. This approach, continuously cali-
brated with multi-source real-world operational data, will promote the large-scale reuse of the
“prediction-optimization-control” closed loop in more rural scenarios, ultimately achieving syner-
gisticimprovements in environmental benefits, economic efficiency, and social acceptance.

Keywords

Rural Sewage Treatment, Artificial Intelligence Model, Data Preprocessing, Interpretability

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

ARG KRB DRI AR i AR R S 2R SR R I , 38 R RN A 3L KA (75 G4
g, XYES 2 MOKAES e BAEEEML. MERE 2 MR SIS 2 UL PO A fE, A
TR AR R AE S5 AL PR 5 SR IE R AR 3 A —— N DR R RIS K B ER I, Rl 5/ Tl k
Je GBS RMRM T Z T, A Grin PR 2L R I L8 Bk N 28 7 S 0 3 B AN R A 1) s 4 T
AL B Z W T I5AGR BB, X 2 85 R AT R BBl R US55 R b b . R 1k
HORZE 5 B2 S5 BB AR, RIS de AN REGAIRIEA BRSO, dtinfal 7 AL Hd
RErHE FRN BT A A 1 /KA S W HEBOA R . 2 BT AR B SR PR RESR IR T FE R4 . B & /R SE AR
H5NRENIEE T, WE50E R T ZERM . S48 K-S ERMR, XBRFEMELL,
BUEH RAGISAT R R EAENE, BRI IE KK R K B 3 (I 25 KMk . 2R
FERRTE) AL PRI AR RE (A0 A0 B BE 52 i P2 5 25 ) LA K SR RE R IR AR A e o TR 2 Bt X 75
QIR R JEH AU B A & 5L BF R L SE /oK, IR Z BN & 2 A S Pr 6 B
REREEHEEA[2], EIBHELSEIEN . &N T2 &SRR BAEA A, VISR T 2 5K
IR ZR 5 RURE -

DOI: 10.12677/airr.2026.151007 59 N TR ae 5 HLEs AW

>
(a3


https://doi.org/10.12677/airr.2026.151007
http://creativecommons.org/licenses/by/4.0/

FI5H

AR, AT GEHOR DU R R A s e B S G RE ), BB S B TR0, AR
K AL BRI R v R I L B TR A RV 70 [3]. AN TR REROA I e SL B PN, w3 S e A A0
LS R, da H G B VAT R K R B K AR B TS AT AR I R AR S, E TR T AT S
B SRR . oAb, RIXEERIR S RNARSS S, EREIRAO S5 R AR B R . R O R
BN FRET ARSI LR KN S Ssis Wrs T i N A, SR1, BEEBORSEER RN, — &
BT R ) 2R G R PRV T KT [4] o A SC S A8 BT o N TR REAE IR AR B AR (1 fly e 6, AN
AR HRiaE. RGUEG RIS 1 20 SE 2 NMER RITERTT, DU AR KRB T St v 4L
15 BT AR

2. AEZEERRERIEN Al GESATRERARRE

1E 2 5 /KA BRIX — KRR T S 4 R FH 3 e b, N T BB 2 MBI A ARG ) TR SEBR I AEIR, 46
LAEBEE BRI ARIE A & DL B AL A WL B R S R O P ) B . X BRI F AR IS AR
1, MM EAZZ, ILER ST RS Al BORIREMEE 2 80K 551 “B e — A B Mdi[4]. RAmS, 2
B K AL B A7 I PR IH . S TR E N8, FECCHEUKTES (W COD. AR)
AR R ERNLER R 5 50 B HdbACRIE - B B2 = e #t . iRE A DRshigmE X, &
FOKR . KBS Z5] [6], HHE S ARA I, MR REA Gt & RS AR, EEE
2, TliEg N KB =, A8 L BIERIT FREHE. ATEER TaRRZE (I “V5IREIK 7  “mEik
07 S5 LT — B, PEE G T I E S B GRS N . X B R BE, AR SCRRAR
W HERER BT ) EE SN T R Az, s “IR I E BRI B 5 “nI i N L AR X K i L 5
fili It 5 S E P ) BOR B/ AT b, B AR R — A AN B U Sk v 3 B e o o 0 W I A BE G L TS AL T
AR R ([5].

ST KA EREE () AR R FRAE EBARIAE “A4a” o RS M CRUE” AT NRRIX
o) @, AR T —E 5 E bk B Va BEAE LY, FLAZ O 2 I AR B 1 s R 5 T 1) R e R AT
2 ) RIS A NG & o RO RIZH, BAIIEE . TS50 T A BRI S i 2k B4 BUAs
B E BN R RE AR IAND[T]. Nk, FATEIN T 2T 7 A iox BT 4% (Time-series Gener-
ative Adversarial Network, T-GAN)fI 58 779 . T-GAN H1—AME B 2% (Generator) A1 —/> ) 5 £ (Discrimi-
nator) fa . AR B A IR I 2% ST IR SO B I P s (Anidkzk COD. Y& pH RSB 7 51 7 £E 3 A
A RS BABHR RGO R . Bh AR ORIE P 2 A b v B — B A A s 0 8 ) 4 7 SR A A N B
K HSLREAIE A R AR 6] AEX HUIEZR AW AL, e Al AR AR Re e = th “ DUIREL I 1
Jo B B B o X — BRI EARAMELE T, & REA RUR AR T 2% i BCRAE A I R AR AN 2
NG SRR R AR T 0 “HAREEL” o B, TEREGS K BISERRRI A S, AR A=A AR
SERE I, 8 T-GAN A 7Kk — 45/ TR 55 AN [F) ZR 1T RRAE I A IR 45 3 T (b ASE R I 25 11
ARFEAEY R TIURE. SR, AU I #ds S A0 A 2 LR UERE R ZE R € 2 1) s L e R M. 1T
SIERBS I GIN, B ERR U H ARl s (H RIS AR 2 0 I AR R AR AR VR AR . FRATT A SREmE 2 “ ) TE kS
W7 H, EHEEREFRE. IR R 58 3 i KRB 5 /KA 3 T (JRI), FIHFREER . bridsr
AP D7 SR IZATHAE 8], At — Nl FH KO TS B R AT T S50 BERAY B 1) H A LA A R 5 7K A 3k
FEr g ) PRSI, WRYIBE RS T A R I IR AR ) 5 . I AR SRR A SR 1) S B 5 i)
o NG, FXAE ORI SRt A A, TR E AR 285K (HERR), UCRIAX) A
PEL PR A b 5t (RT R A 5 VR 1) A 40 2 L) HEAT A o SR R AR BT b b A “ N 2 B 7, it /b
BIVKIERUIZE, IEN BAR SMEE KR . TESEME &4 SRR, 1ZRIKTE 244

DOI: 10.12677/airr.2026.151007 60 PNER ST IR YN


https://doi.org/10.12677/airr.2026.151007

ZEIGH

#E7K COD A R TRINAE S5 b e I LBk, A5 15 300 A bmi: Hicdhs , BV AT sl AE 7R ik 381 L 28 e aod i 1
10096 At K54 S I ARSI FR TS P2 (A2 AR 8 R2 A2 e 7E 0.85 BLL), WK FRAR 1 x) &5 S b 4L
& B HA9] -

3. Al IRFNEKISIB EEBRS AT
3.1 AIERMNEEFANS T ZHL

R E R BERESEZFENA NG itz T gkl 360 1290, NTHEms
B ) BN AR M AR TN S AR A BAZ 0 T A [10]. PA/KEERR W B FLE A 4. I FR i 45 d T Yok
R, AR 1A R N 2 (RBF) LA Jey s im i i 1, A R 55856 @ — 50 AE M 215 ear . 55
G B El s R R AR R b, 2 2 BN BE(MLP) ST B IR 2 IR G5 R BT S Kz AL e 1) . KT
FRIN, BTSSR T 5 S i1 vk e RS IS 3] R?>0.98, 2 3540 1% Ge i B [ v 5 2R PR,
Bt 2 A 5w W o e (G geRh R TS EFRIBE ), Al AT T G Seis AT BE gk AT P B S, RS kDT
BOARALL P se oL, FHUH IR RS e I S B0, T4 vk S Az e i a) . s amdoeh i ae /1[11]
[12].

3.2. TASRMSEFEOMER LIS

FETHG R0, RBF M2 5 BENLARAMON B i 3 T LR AR M B R B E, AT S
SCM AR R B I IEER T 0.99, SEHERE, XK “BAH " BIALRENE IR S pH. ORI WK I
INESE R SRR A HAN[13] [14], AT MR BT AN S i E IR ) LRI
—HERL, ALSEPL TN gt B “ PRI fES:  CLRTSTh A A RS HERL I E (LS AR, S
AR (SOM)XH B ATARAFEAT TR IR, A 8 ml PR B 5 [ I A e RO 045 TR PEE B e (1) de AR 3 AT
B H[15]. i, EFREESE. BBREIAARATIR T, B R8T — R AL 5 2LV R 7 i 4
BRIRSE BRI 7oK, SEUA bR 5 BRI S A3

3.3. NFMEZEH]: MRANEREEITER

T )95 /K AL ER A B 2 00, g G TS 28 55 S U . R e DAL S TR BRI A, R “ Tl -
Pedk - Fil” IR, T 2R RN SE IR IR BIPAT He 2 1 BE G . R LR B SIE ext SR, A
TN KK 5 BIRES, A2 LARERE. 256 BRHEN B FRRd, S5a <. R, F5URIRE. 2
BN L FOR MRS PATERBERLCER SRR EE, il 26 05 ERA, R EERN
(IR IEML . %0 R AF B & 5 K, 16 2 805 /K35 5t b B35 327X Rk sl 1038 i b
TRBE R A br S BERE R MEIFAT . NIRFR e & 5 EdE, WM RGKM Y E AR BlzidgisH fsih
AT IR, =0 KT R RS s &, Rl B AR AR S O B SR AT B R
SRR . S5 5 T | I FRE P SRS s A, Sl “ Il - 20 - B 1 — RIS R LL
SR ERE U E RER, BN AT ERE N5 205, FEAR S RS s S S 4ERE IS A P [16]
(WL 1),

B LJER T — /MR IR 5 o RGN RAA I . RAUE T “ 2B RE” 5 “BABNE",
MENG Y EREE T HIRERE 2 ME RARrATHOR AL 3 . BE /5 R A% ANN/MLP. RBF 7£
P Al BRIERE” BATTON S 007, JFEEE “BRMNE" 5 “Z Birfhibss” selishi 5. &
LIEIE “SOM AL Bt RILEERE, TR A IR B B R e e S IR se B “ BRI, I
PRAR RS B8 i e 53 KM

DOI: 10.12677/airr.2026.151007 61 PNER ST IR YN


https://doi.org/10.12677/airr.2026.151007

e

BURTAL AR
ANN/MLP
BHLERY e
RBF
< |- 4k — 323 RBF
& - 1=
ESRBEFRNSTRY ARERIZRHK
AlERI &R
ﬁ“ £ EARIE
. SERMAE
RmaTERL SR
SOMAT{R L
M TR AHR
it BRI A —
AR ‘SOMA 4L BB

| B * — )
il = 1w

ZIRBIRRER

Figure 1. Architecture diagram of intelligent monitoring and decision-making closed-loop sys-
tem for sewage treatment
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