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Abstract [ Objective |  Addressing the difficulties in real-time monitoring of key water quality parameters during wastewater
treatment processes, as well as the impacts of complex working conditions and data anomalies leading to insufficient prediction accuracy
and generalization capability of soft sensor models, this paper aims to systematically review research progress in the field, clarify the
core role of neural network-based soft-sensing models, and propose future research directions, thereby providing theoretical guidance for
improving the prediction performance of water quality parameters. [ Methods] Through systematic literature review and analysis, the
basic structure and research status of soft-sensing models are elaborated. The application advantages of neural networks in this field,
owing to their powerful nonlinear fitting and autonomous feature learning capabilities, are emphasized. Furthermore, challenges in
current modeling regarding variable selection, data quality, and model generalization are thoroughly analyzed. [ Results] Three key
future research directions for soft sensor models are summarized: auxiliary variable selection, construction of complete datasets, and
adaptive dynamic optimization of soft-sensing models. Research trends are proposed to address the three major challenges of variable
sensitivity, data missing, and weak model generalization capability. [ Conclusion] The proposed research directions provide a clear
theoretical framework and a practical pathway for the future development of this field.
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Tab.1 Nationwide Water Resources and Wastewater Treatment Statistics from 2018 to 2023

M KRV A/ m? MK R/ m? VKA HE R/ m? PTG K A B B V5 KA B
2018 4 27 462. 512 6 015.5 12 521. 1242 3919 95. 49%
2019 4 29 041.0 12 6 021.212 554. 65 12 4 140 96. 81%
2020 4F 31 605. 214 5812.912 571.36 12 4326 97.53%
2021 4E 29 638.2 12 5920.212 625.07 1 4516 97.89%
2022 4% 27 088. 112 5998.2 12 638.97 12 4706 97.90%
2023 4F 25 782. 512 5906.512 646. 00 12 4 900 98. 10%
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Fig. 1 Flow of Soft-Sensing Modelling



FRALTE , Bk B fh, 55

157K A B S R K S A DM AR R A BT O

Vol. 45,No. 9,2026

) FZE AR, B AR IR AR A R AR
BHE AL B B AR e e R AP AR R T T S AR
N A TR 2

BE R A BB AL B X Tk A = i AR R
TR A TR AR | LAAS 3 4 1 FAE B A 45 a3k R A
A RSCHE A T T00 A0 3 AT I S (L B BRLA6 o EN 5 Y
i), DA PR S A ol A 1) A e AR

T B AR SRR L MR OB AR I AR o B AH G
()2 B A A AR e A AR i DA/ BT (1 3145
SR IEHE = RIS A () ROORG B R AR M

AR AR T 38 3 PR A i A B AR
55 TN B R %) vk g ST i AR R L AR
W AR TR E TR I TR 2
A EEXTARLE | R Y T B R A5
TR P L 00 45 0 28 11 VR 32 2 2 B 3 )
REACARSE: (anast A& 58k R FRER A | 220530
ARBR A ) W I 2% )R S 0 (N2 2] 8 B2 30 s
B0 #47 A 3h Sk, DO AUE SRR 2% ) g N T
Z | DT K PR B b AZ i ASE Y A T s fie . 510, 35t
BRAPENTEE NN A2 Wb T 2Rl &R,
AL ORI 0 DS H D SR i 4 A g
R R AR BT R AR T4 SRR IR BEE A AL
RRARAR AR () 142 2 B ) B 2 T L T ORG JE 5
Pk,

BRI AR B . AE ) AR A 1) S B vz R
R 38 2o B A AR T 245 R -5 S o SO0 P v 25
FEAR R T ZEX B AT B 5L

1 JRIR T 30 e E A M B4R 21 0 1Y) 58 4
DLAR A RS ALY U [RI AR B O 1 I A28 A
SN | Ay b 3k R AR Ak R s B AL T G A B R
XL
1.2 HNEEEF X

H AT, AL A 0 9K B Rk SR
BRI A B DL A N A kY 2 RSB
TR AR A 3K F U AR R LR R g
LRI T ORI B VL 0 4y 208 i i oy A
ZEXE HEAS [ B4 3K 2y 5 25 [ 0 32 5 43 181 5 (PCA)
536 F g fie /N 36 (PLS) 19 22 5 SRR &AL
(SVM) 5t 2% 1 3d 5% ], 3R AR 45 25 07 i
Rt 58 7 SRt THER M S % B4R Ui
mE 2 Fris,

E2 HilEEEsE
Fig.2  Soft-Sensing Modelling Methods
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Fig. 4 Process Flow of Wastewater Biochemical Treatment



FRALTE , Bk B fh, 55

157K A B S R K S A DM AR R A BT O

Vol. 45,No. 9,2026

Yoo — Ak A=Al S b5 D0 2 N it —
BRI R A ION, 25 BRI A A R (AR 1) T A= 0y
FREALY) . =R PRI TR X AL PR 15K AT
AL TR SRS KRR HEL

N TSGR B IR bR HE L B AR A8 AT AR
SRl AR aE AT, T X K AL B A A O B K T S
BHEAT S I W D T, DL BT 1k 35 2K K 5T Y R bR

HEd , 15 B AR R T5 Y, 2 BoR TR
o, P G K A B e AR OGS K TR S B H0I A AR
K3k, B2 v, B PR TS K K B R Y
F #4544 BOD . COD TN TP & A S H LS H,
B R ZH SCHRBFSE T BOD K2 COD A T ] A5 A4 |
TN TP LA K HoAth 52 0 35 7K b R A0SR ) 7 22 2 40H
KT

F 2 EESRIGKANIE T T2 X 8 S HUR I S AR B A X Y 51 S0k

Tab.2 Literatures Related to Soft-Sensing Models of Key Parameters of Wastewater Treatment Processes in Recent Years
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Tab.3 Comparison among Different Soft-Sensing Models for Key Water Quality Parameters
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