HoKFAR 2026,45(10) :15-22 Water Purification Technology

TREST, AR, TR, . BT RUE RIS R BETOE R REZ A BB AR S kR [J]. k3R, 2026, 45(10) : 15-22.
Zhang H Q, Du R J, Yang C, et al. Research and application progress of intelligent chemical dosing technology for coagulation and sedimentation based

on flocs image recognition[ J]. Water Purification Technology, 2026, 45(10) . 15-22.

ETHREGRIEMNWERBTEERAFEMBEARARENH
it

KESE S AR R, TaE 0N &

(L. TR PRI A ), DU HA 6100452, oIS AR50k AR TREBHSE .00, 100037)

 E B/ IRETIRRKEE T 2R A0 3T U B i 5 Si A B T A R S KoK BT, G S IREE LT
RN T Ao TV pH HESEN R GET  FAAE 5 T B bh 2 2RI g, Ak, W R b 3
H5ATERAD HARM LS, ST AL 25500 RS B i 5 125 28 0 A A 5 44 s, AR DG AR 5% 0 TR 7 FH AR 44 7 30, AN [ 350
H AT Y SR BB s i R4 5 A T e B AR BT R, 5 8 6 LT 5 0 o P ot Jo A7 1k ) e
B, [ FE] ARZRRLBAR R R m fi i T VR EEDTRE HAFE BZ RSB AR A58 SR AN R, 22 4], IR AR
PR NHRCR BAR R, [#R] BT EGRBIFREE TR H R 5T LUl SCT e A8 B GO0 AL TR SR IE 25
A LA 2 S ST 2T NS TS TR ] SRR A AR RS ME DR, BT O A 2T E SEI Y M A AR T T
AT, AR T 25504, [45i8]  ALAEBD 77K A B8 S35 B A J TR R 5T I, A S L R A MR S B AR A K Ah B 4 3
FRI S IR 2L, RIS oA S B A it i, A4 T i sh A Ak B AT b 1) 8 B AL T4 S AR AL e 1

KEIR IREEDOE,; HUE; BRIR; R aRZG IR, A TR EE

FESHES: TU992  XEERERG: A XEHS: 1009-0177(2026) 10-0015-08

DOI; 10. 15890/]. enki. jsjs. 2026. 10. 002

Research and Application Progress of Intelligent Chemical Dosing Technology for

Coagulation and Sedimentation Based on Flocs Image Recognition
Zhang Heqing'”>* , Du Roujia"*, Yang Chen'>, Yu Jinqi'”*, Sun Lei'”

(1. CSCEC SCIMEE Sci & Tech Co., Lid., Chengdu 610045, China;

2. CSCEC Eco-Engineering Research Center, Beijing 100037, China)

Abstract [ Objective ]  Coagulation-sedimentation is a fundamental process in water treatment, the efficiency of which directly
impacts the performance of the subsequent treatment units and the quality of the effluent. Traditional coagulation control primarily relies
on manual experience or feedback regulation based on parameters like turbidity and pH value. These approaches, however, often suffer
from significant time delays, limited robustness, and chemical overdosing. In recent years, advances in image processing and artificial
intelligence (AI) have spurred growing interest in intelligent control method that utilize floc morphology analysis. A variety of image
recognition algorithms and control system designs have been developed and implemented in both research and engineering contexts. To
facilitate the broader application of this technology, there is a need to summarize the method ological progress and extract key insights
from existing research and applications. [ Methods] For the purpose of technical application, this review summarizes the research and
application cases of flocs image recognition technology in coagulation-sedimentation, with a focus on its technical pathways,
implementation outcomes, and future challenges. [ Results ]  Coagulation-sedimentation control systems based on image recognition
can achieve precise process regulation by capturing real-time floc images, quantifying morphological characteristics, and establishing

chemical dosing prediction models using machine learning algorithms. Currently, this technology has been successfully implemented in
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multiple projects, effectively improving effluent quality and reducing chemical dosage. [ Conclusion] AT holds considerable promise
in advancing water treatment towards pollution reduction and carbon neutrality. Future work should emphasize the expanded application

of image recognition technology throughout the entire water treatment chain, enhanced database construction, and comprehensive

promotion of intelligent upgrades and low-carbon transformation within the water treatment industry.
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Fig.3 Design of Intelligent Coagulation Chemical Dosing System Based on Flocs Image Identification



HRESHE AR R

H T AL GRS AR BEUTIE R RE 550 BN BRI 215 1 2k g

Vol. 45,No. 10,2026

FR LA 1057 Dok 8 e 2 S AL | 0 5 HR T A
eI 2 1) B B A | B TR, SEPR
PRVERTA —EXERE . PR, A B9 LA R 45 m it
SR SR B | A FH AILAE GO hn 24 1 47 I 5t 1A
o BN, BRIETE A T AL MR o A
TSP ST B A BILAE 73 S 25 55 Wi 5 28001, 43
S X IE 245500 D BN AR A SR A — e TR
FERDIAE S BT (DFM) B (R AR RS A 3R
S AR X B AE AR AT 43 28 T, oE B R R Ik
95% , | HIFHCI 45 SR %8 fin 24 &2 A7 SOt A5, X
Ti I RE S B TN R4 7 A S PR AR vh 5 m
FEHERTHE
2 MRENAESG

AR E A KERHIHLG R AL I GRER R T
BT RLE R R RELS RN &R S8, & k&
B AAETE 25 5 R K e BE A AR R O 22, A1 AL
SRR NI PR WLAL IR 3 28, WA Ry iR
BEDTYE 0 4% ) (445 . 9120, Yamamura % F]
JH CNN AR 6RLAE EIAGOT I 1 HE 7K T3 32 X6 6L AE &
BEAT 32 IR T A= 15 100% , I & AR TR
HAEFERTHET 100 s 748 1 5 R AT A 5000 7K 7%
WAL, RN AR CNN XL R A T
FEIEPRI, 5| A 2/ RREFl R R 7 Ak ) i, 2R
Jo R SR ot 22 DO 2% AR B AR A ] £ A A
RV 5 KU B ST DR G &R | DG JE 3 5
86.83%. Yokoyama % R MG FER IR T
—FPEET ConvNeXt M 45 ] B 15 Je 22 BER S 19 4% 2%
i RIS EE R 12,8 Wi/s, W EEBEL R A 3l
FERIER AL T —FBARIK ST . T R UCIREE
JO7 HH PR R 2 ) R, Peng 2517 $45 T % B2 9 I N
i, B AR IS K 5T R0 24 £ 19 B ) 7 5104 Sy
LSTM #1225 £ F1 Transformer 15 % %) 55 A FFAE | 7
IR B2 I 959% A |

T AR RN R G C A 2 MR BT
VETH 1 SEERN AR i A ) K is R
D e I 24 it T SE BRI AR Is 4E R e 1524
g, 7T A R K2 wAE )T RS OR A [ ok K
] R S T LA OUE AT AT Sk TR BT TE 24 77
BINAR G, R HBAE R IE A 2 4E 28 7= S 50 R fig
BB L N TR E 2 9. 6%
243 T HL KPR B BE RS E AE 1 NTU AR, FE A

AR A R A BEASE , PR SR T &
MIBILAE AL 2R G0 B0 T LTS 7K ol R 7K 4 v
st BAT T 6 A F 507 Ak 20 A0 H R I %
B, % TR A 20 J7 m’/d BT TS KAL) 4R
WL AT 35 80 JT Tl b AR AR HE R 2
2 000 t, HAT i35 A PR FRERR AL . H
AT Tl #E H A9 Kurita S. sensing CS %4 g 42 il Ik
55 ZGERE NS R T2 2 70 SO, X R i B 7K T 48k B2l
DGURIE 2R L A TBCRDG , IR FL o B 5 K
JFEHENT XN DG FR FIUH K b BE ) DA 2 5 3 1)
i, fERE A RKT IistT LR h T4y 5. 68%
[RIZHE , A 5. 65% 110 Hi K P EE
3 REERE

TRAE UG TEIHE AR SR TR BEDTTE RS A2 i A1
TREa E EUGRRNE S IR BETURE T 2 AR
MR BERL G  AMUAREREIRZGFE 5 RERE , iE P4 TH R &5E
REX R BOK S AZ AR RE 1. HAT, BB R 3
ARAE TR BETUE 24 7045 N 4088 1) I ATI A7 A 4+ g
5] A R, 90, 5 T SE BRI H 328 78 T AL
HH e FURRE A B, X DA 5 22 R L K S 2
Bkt S BUI AR iz AL RE ) 5 B AR S
B Iz FH 37 280 BRI 5 7K AL BT 328 110 AR M 550 9% U5 R
=P BB R 1A R ME DL SR KRR 1R 08
i 0 S b B 55 93 B s TEAS [RIBFFE RS T v IRTGCR:
VLA MR | EUG B IR e R S FBR T | MR AR
SEIBCRN RGN0 N2l R Ge4a 2 4 A 2251,
W AT IGE — I R ATV, (A5 A [RIF 7 2R 2
)X AR ] LU, Ry 1 A o R 1) i O DL
JUAIT A T — R R EE S i bR, 9 K
A 7K BT 5 PR B A5 A M, O % e B A 2 2T e
JIRR RS LASE SR AR AL X A2 A% L0 13 N g
TRWPE AT E T G A R PRI Y D)
RN 330 55000 B 1 75 5K, 4 3 i BRI
BCRIRAZ BR TSl (R4 ) 5 =R SO S A DG 1 £
TPl B FRE, IS R GRS L . D ARSRIE T
SR 22 SRR PR A U, FE A TR T A
ISRETREEARIS/ini: 00 I WP it 5V €1 Tl S 7
P IEAE MR A BR RS s LA S T8 7E b
ERhe O P S B O A DR SR IR IR R AL Bk SRR
Az IR IR B9 PR ] ShALAE R U R Ge e K
AEPRIGUE b )7 M H]



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 10,2026
October 25th, 2026

[10]

5% ik

rhie N R LA A 55 Rk 2 . R S e A
2023[M]. Jbat: PR AR, 2024.

Ministry of Housing and Urban-Rural Development of the
China urban-rural construction

People’s Republic of China.

statistical yearbook (2023 ) [ M ]. Beijing: China City Press,

2024.
PSR K HEK B2, K 45 A7l B E K 45 A B 4
52020 4E) [M]. dbnt. P EEREE AR, 2021.

China Urban Water Association. Investigation and analysis report

on smart water in urban water industry—2020 [ M ]. Beijing:
China Environment Publishing Group, 2021.
SR, IRBEDIVE R G TSV T e oAb it (0], PR

L, 2024,
Zhang S.

17(6) : 850-6.
Reliability improvement and optimization of the
coagulation and precipitation system [ J]. China Nuclear Power,

2024, 17(6) : 850-6.

WEEE . E AT KA B A R R R R A (1978—
2020) [M]. db30. S EEF Tk AL, 2021.

Hu H Y. Development report on municipal wastewater treatment
and reuse in China ( 1978—2020) [ M ]. China
Architecture & Building Press, 2021.
FE/NAR. BET SRR P B A D8 K TR B Ao e I A L F Y
[D]. dbst: HEG LR, 2018.

Jiao X M. The coagulation process and regulation mechanism of

Beijing:

coal slime water based on the characteristics of floe[ D]. Beijing:
China University of Mining & Technology, Beijing 2018.
FEMS . FET ORI 2578 A ) A8 U i R A 2 M i ML )
WRFELD]. W/REE: /R TR, 2016.

Ren P F. Study of stability control in the variable velocity
sedimentation process based on particles characteristic [ D ].
Harbin: Harbin Institute of Technology, 2016.

R, DAL MG UIE BEIN 24 R GEAE V5 /K TR BEAL B e )
FHLI]. EBMERiA, 2022, 63(10); 24-26, 30.

Tang D F. Application of alum image recognition intelligent
dosing system in advanced treatment of sewage plant [ J].
Automation Application, 2022, 63(10) ; 24-26, 30.

Juntunen P, Liukkonen M, Lehtola M, et al. Characterization of
alum floc in water treatment by image analysis and modeling[ J].
Cogent Engineering, 2014, 1(1) . 944767.

XN, TR, RARMISE. FRKT AL A 3 I R S0
BOFMSER[)]. RBIHUK, 2024(5) : 30-36.

Liu X D, Yu H J, Guan Z M, et al. Design and practice of
automatic monitoring system for flocculent precipitation in

City and Town Water Supply, 2024 (5): 30—

waterworks[ J .

36.
Rk, GFIFT. FET UL BRS04 GEfn 2y R fe k)
PR T]. BerHEAR SR, 2024, 42(4) : 21-23.

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

Zhu Y Q, Jin L L. Application of intelligent dosing system based

on alum image recognition in waterworks [ J ]. Digital
Technology & Application, 2024, 42(4) ; 21-23.

REL, WIRT, VRIS, FOROK) T IREE RERUIN R 4
MFEE SR, ThEZAKHEK , 2024, 40(18) : 90-95.

WuZ], Lai Y P, XuZC, etal. Construction and application of
intelligent coagulant dosing system for waterworks [ J]. China
Water & Wastewater, 2024, 40(18) : 90-95.

WRIEFE. K SRBE RIS B Sl SR [T]. 4
IKEEA, 2023, 42(10) ; 179-189.

Chen W Y. Automatic recognition and application of alum state
in the coagulation process of WTPs [ J]. Water Purification
Technology, 2023, 42(10) ; 179-189.

VLRI, R, SOk EE. — B K R BLAE R R 5 AL
CN201911422726.3[ P]. 2022-04-17.

Xu W G, Song T, Wu Y T. An underwater floc image acquisition
instrument; CN201911422726.3 [P]. 2022-04-17.

Rikg, B, Soky, 55 KT ARG R E .
CN202420718339.4[ P]. 2025-03-21.

WuZ ], Lai Y P, Feng B Y, Underwater floc image
acquisition device: CN202420718339.4[P]. 2025-03-21.
R K, W, R, RO T EGORERE,
CN201911052787. 5[ P]. 2020-01-10.

Yu Y F, Jia HS, Pang S Y, An underwater image
acquisition device: CN201911052787.5[P]. 2020-01-10.
Sy, BHR, BAEHE, 55 HOROKT AEHIR Bt
ST, LALER, 2024(23) : 45-50.

WuZ], Wet RQ, Ou HH,

et al.

et al.

et al. Design and application of

alum flower shooting device in waterworks[J]. Mechanical and
Flectrical Information, 2024(23) ; 45-50.

I, K€ BURHSRAR K = A R RERE S k.
CN202011217219.9[ P]. 2021-06-08.

Zheng J, Yu Y F. Image-enhanced waterproof gimbal image
acquisition system and method: CN202011217219. 9 [ P ].
2021-06-08.

Chakraborti R K, Atkinson J F, Van Benschoten J E.
Characterization of alum floc by

image analysis [J1.

Environmental Science & Technology, 2000, 34 (18): 3969 —
3976.
TURE, A, 2R, 25O RIS A Er
REFR[T]. *Iﬁl‘é‘l%&lﬁlﬂé‘i%&, 2023, 28 (11); 3342-
3362.

Yan Y, Deng C, Li L, et al

Survey of image semantic
segmentation methods in the deep learning era[ J]. Journal of
Image and Graphics, 2023, 28(11) : 3342-3362.

WL FEF RG0S R TR S AR A I R S (D]
TEFH . TRFfE TR, 2022

Tang S X. Design of a sludge sedimentation process detection
system based on image analysis [ D ].

Shenyang: Shenyang



AT AL, B
H T AL GRS AR BEUTIE R RE 550 BN BRI 215 1 2k g

R,

Vol. 45,No. 10,2026

[21]

[22]

[23]

[24]

[25]

University of Chemical Technology, 2022.

WA, M. 2T OpenCV 1 4 B 43 1 0F 58 15 95 8K
[7]. BRI THA, 2013, 36(24) : 73-76.

Lei J] F, Wang W. Research and implementation of image
threshold ~segmentation based on OpenCV [ J ]. Modern
Electronics Technique, 2013, 36(24) . 73-76.

Dhruv P, Naskar S. Image classification using convolutional
neural network (CNN) and recurrent neural network (RNN) : A
review[ M ]//Swain D, Pattnaik P P, Gupta P K. Machine
learning and information processing. Advances in intelligent
systems and computing. Singapore; Springer, 2020 367-381.
Liu H B, Chen Y, Pan X W, et al. Image recognition enhances
efficient monitoring of the coagulation-settling in drinking water
treatment plants[ J]. Journal of Cleaner Production, 2024, 482.
144251. DOI: 10. 1016/]. jelepro. 2024. 144251.

B, Mz, AN, A5, FETHLEPLOE Y B & N Re N 2y
RGAE LA KA R BT[], MR, 2024(5) -
33-40, 53.

Liang Y, Qu T A, Sun Y, et al. Study on application of adaptive
intelligent dosing system based on machine vision in industrial
water treatment[ J]. Angang Technology, 2024(5) ; 33-40, 53.
6, WEE, ERE, 5. T ORGSR
REBMARGWITE[ )], BRI ELRY, 2023, 37(4) : 83-90.
FuY, Lei Z F, Cui D F, et al. Research on an intelligent

[27]

(28]

coagulant dosing system based on alum floc image recognition
[J]. Energy Environmental Protection, 2023, 37(4) : 83-90.

Yokoyama H, Yamashita T, Kojima Y, et al. Deep learning-
based flocculation sensor for automatic control of flocculant dose
in sludge dewatering processes during wastewater treatment[ J].
Water Research, 2024, 260, 121890. DOI; 10. 1016/]. watres.
2024. 121890.

Fukasawa A, Yamato T, Watanabe S. Automatic control of
polymer dosage using floc images in sludge dewatering plant[J].
Environmental Processes, 2024, 11(2): 29.

Yamamura H, Putrl E U, Kawakami T, et al. Dosage
optimization of polyaluminum chloride by the application of
convolutional neural network to the floc images captured in jar

tests[ J ].
116467. DOI: 10. 1016/j. seppur. 2019. 116467.

Separation and Purification Technology, 2020, 237,

Peng S, Guo Y, Wang J H, et al. The coagulation-precipitation
turbidity prediction model for precision drug delivery system
based on deep learning and machine vision [ J ]. Journal of
Environmental Chemical Engineering, 2024, 12(2); 112211.
BBL, XIGRA. PR EER R REBOI R GUAE A KK T H A B
JHLT]. #okEAR, 2023, 17(2): 1-5.

Wei Q, Liu B C. Application of two coagulant intelligent dosing
systems in waterworks [ J]. Water Technology, 2023, 17(2):
1-5.

(L% 14 W)

[93]

[94]

[95]

[96]

[97]

(98]

Mayakaduwage S, Ekanayake A, Kurwadkar S, et al

Phytoremediation  prospects of per- and polyfluoroalkyl
substances: A review[J]. Environmental Research, 2022, 212.
113311. DOI:; 10. 1016/j. envres. 2022. 113311.

Yu HW, Peng J F, Cao X F, et al. Effects of microplastics and
glyphosate on  growth  rate,  morphological  plasticity,
photosynthesis, and oxidative stress in the aquatic species
Salvinia cucullata [ J ]. Environmental Pollution, 2021, 279.
116900. DOI: 10. 1016/]. envpol. 2021. 116900.

Gajendra G, Pulimi M, Natarajan C, et al. Occurrence,
toxicodynamics, and mechanistic insights for atrazine degradation
in the environment[ J]. Water, Air, & Soil Pollution, 2024,
235(10) : 649. DOI.10. 1007/s11270-024-07439-0.

Sanusi I O, Olutona G O, Wawata I G, et al. Occurrence,
environmental impact and fate of pharmaceuticals in groundwater
and surface water: A critical review[ J]. Environmental Science
and Pollution Research, 2023, 30(39) : 90595-90614.
Shaheen J F, Sizirici B, Yildiz I. Fate, transport, and risk
assessment of widely prescribed pharmaceuticals in terrestrial and
aquatic systems; A review[ J]. Emerging Contaminants, 2022,
8. 216-228. DOI: 10.1016/j. emcon. 2022. 04. 001.

Zhang T, Jiang B, Xing Y, et al. Current status of microplastics

[99]

[100]

[101]

[102]

pollution in the aquatic environment, interaction with other
pollutants, and effects on aquatic organisms[ J]. Environmental
Science and Pollution Research, 2022, 29(12) ; 16830-16859.
Yang W F, Gao X X, Wu Y X, et al. The combined toxicity
on microalgae

influence of microplastics and nonylphenol

Chlorella pyrenoidosa [ J ]. Ecotoxicology and Environmental
Safety, 2020, 195. 110484. DOI. 10. 1016/j. ecoenv. 2020.
110484.

LT, . PRETS YL 55 B i wE R g R USSP
TR T]. FRERAIISE, 2025, 38(2) ; 419-427.
Yang L. X, Wang J H. Advances in toxic effects and health risk
assessment of combined exposure to multiple pollutants [ J].
Research of Environmental Sciences, 2025, 38(2) : 419-427.
Christiansen S, Scholze M, Dalgaard M, et al. Synergistic
disruption of external male sex organ development by a mixture
of four antiandrogens[ J ].

2009, 117(12) . 1839-1846.
Rathi B S, Kumar P S, Show P L.

Environmental Health Perspectives,

A review on effective
removal of emerging contaminants from aquatic systems: Current
trends and scope for further research[ J]. Journal of Hazardous
Materials, 2021, 409: 124413. DOI. 10. 1016/j. jhazmat.
2020. 124413.



