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Automatic Recognition and Application of Alum State in the Coagulation Process of WTPs
CHEN Wangyang "~
( China Water Investment Co. , Lid. , Beijing 100053, China)

Abstract In response to the challenges of nonlinearity, hysteresis, and multivariable factors in the optimization and control process of
coagulants for water treatment processes, this paper investigated the method of image segmentation and feature extraction for floc
recognition, and proposed an floc image state automatic recognition technique based on the deep nonparametric fuzzy mapping model
(DFM). The floc states were categorized into five types: dense, medium-sized, large, uneven, and sparse. Corresponding images
were captured using an image acquisition system to build a sample library, and model parameters were trained based on this library.
The research results indicated that extracting density and size features from alum flower images as model inputs achieved the best
recognition performance. The DFM model achieved an accuracy rate of over 95% in alum flower state recognition, which was
significantly superior to traditional machine learning methods such as support vector machine (SVM) and back propagation( BP) neural
network, as well as deep learning methods such as ResNet and AlexNet models. Furthermore, the floc image recognition technology
based on the DFM model had been successfully applied in a water treatment plant ( WTP) in Zhoushan. Before and after the
application, the average dosage of coagulant had decreased from 11 mg/L to 8.5 mg/L, and the average effluent turbidity value from
the sedimentation tank had decreased from 0.9 NTU to 0.4 NTU.

Keywords water treatment process coagulation process alum recognition deep learning fuzzy optimization
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Tab. 4  Accuracy of Image Recognition by Using Different Methods
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SVM 31.16% 78.10%
BP 19. 88% 67.42%
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Fig. 6 Optimization and Control Process of Coagulation and Alum Dosing System: Feedforward + Feedback Loop
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Fig. 7 Floc Recognition System: Image Acquisition + Segmentation + Feature Extraction + Recognition Algorithm
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Tab.5 Accuracy of Fritillaria Flower Image Recognition Using Different Methods

YL /NTU i T A T /NTU i FH A
0.1~0.2 3.50% 14. 40% 0.9~1.0 6.20% 2.70%
0.2~0.3 12.20% 18. 60% 1.0~1.1 5.50% 1. 80%
0.3~0.4 13.50% 16. 00% 1.1~1.2 4.50% 1. 10%
0.4~0.5 12. 80% 13.30% 1.2~1.3 3.20% 0.70%
0.5~0.6 10. 40% 11. 40% 1.3~1.4 1. 80% 0.50%
0.6~0.7 9.10% 8.10% 1.4~1.5 1.50% 0.20%
0.7~0.8 7.80% 6. 00% 1.5~1.6 1.30% 0.10%
0.8~0.9 6.70% 5.10%

B9 2022 4F 12 H—2023 4 5 7 tH/K I R e X 1L
Fig. 9  Comparison of Outflow Turbidity Stability from December 2022 to May 2023
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MR E M2 Xt b, 2022 4 11 A, RH T8 2l
P 44 FEAT BEE A 1# ~ 3#EATXT LG, 1# ~ 44
DLVE T H 7K ¥ b BE 48 5393 R 0. 67.0.72.,0. 64,
0.69 NTU, 1#~3#Z4FE ¥ {H 4 30.48 mg/L,4# K
23.84 mg/L, TE 1#~3#5 44t KV MR 4
0.6~0.7 NTU FIELLT , 44009 25570 THAESE 14~ 3#1)
ZFITHFERFAIL 21. 78%

R 6 REAFEMHE T

Tab. 6 Comparison of System Chemicals Consumption

- wmmmm 2#?@?5%7&-%7J< 3&%75%{& K 4#?)\1’?5%’?&%* L~ 3#ZFEIME,  4nZhifEin/ w2
TEME/NTU  EME/NTU  EE/NTU ¥ /NTU (mg-L7™") (mg-L7")

2022-11-01 0. 66 0.81 0.73 0.82 31.80 22. 54 29.12%
2022-11-02 0. 64 0. 66 0.57 0.38 28. 14 19.99 28.96%
2022-11-03 0.99 0.97 0. 60 0. 68 29. 66 20. 13 32.13%
2022-11-04 0.81 0.76 0.74 0. 69 28.78 27.82 3.34%
2022-11-05 0.81 0.74 0.71 0. 62 28. 86 23.36 19. 06%
2022-11-06 0.85 0.81 0.79 0. 63 28.94 20. 54 29. 03%
2022-11-07 0. 98 0.93 0.94 0. 66 28.86 19.94 30.91%
2022-11-08 0.73 0.84 0.75 0.92 32.61 33.47 -2.64%
2022-11-09 0.71 0. 82 0.73 0.76 32.60 29.29 10. 15%
2022-11-10 0.51 0. 66 0.58 0. 47 32.46 25.33 21.97%
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(#£5%0)
i 1@\1?&’?@& K 2@@%’@&&* 3#%@?%?&&7J< 4&@%’?@&* 1#~3HGFERA,  AnZiFER/ -
VEMUE/NTU VEUE/NTU U/ NTU VEMUE /NTU (mg-L™") (mg-L™")
2022-11-11 0. 60 0. 68 0. 60 0. 62 32.51 23.34 28.21%
2022-11-12 0. 66 0.76 0. 68 0. 89 32.42 25.72 20. 67%
2022-11-13 0.72 0.79 0. 86 0.94 29.94 25.75 13.99%
2022-11-14 0.72 0.74 0. 63 0. 80 29.61 22.24 24. 89%
2022-11-15 0.81 0. 86 0.53 0.72 29.70 20.01 32.63%
2022-11-16 0.82 0.87 0.59 0.79 29. 44 20. 13 31.62%
2022-11-17 0.81 0. 88 0.58 0.91 30. 88 19.96 35.36%
2022-11-18 0.74 0.84 0. 56 0.78 31.57 20.91 33.77%
2022-11-19 0. 66 0.74 0. 80 0.95 31. 47 26. 66 15.28%
2022-11-20 0. 59 0. 69 0. 63 0.52 31.49 24. 66 21. 69%
2022-11-21 0. 63 0. 68 0. 63 0.56 31. 66 22.18 29. 94%
2022-11-22 0.74 0.81 0.73 0.90 31.40 28.17 10. 29%
2022-11-23 0.77 0.84 0.72 0.95 31.58 31.43 0.47%
2022-11-24 0.78 0.82 0.74 0.96 30. 13 31.26 -3.75%
2022-11-25 0.70 0.85 0.78 0.69 29.71 27. 44 7. 64%
2022-11-26 0.38 0.56 0. 49 0. 42 29. 67 22.92 22.75%
2022-11-27 0. 30 0.37 0. 40 0.32 29. 54 20. 16 31.75%
2022-11-28 0.27 0.32 0.37 0.30 30. 01 20. 00 33.36%
2022-11-29 0.27 0.27 0.30 0.30 29. 60 20. 01 32. 40%
2022-11-30 0. 48 0.30 0. 34 0.77 29.48 19. 84 32.70%
6 %Hit SRR, N T I 26 - 2 £ o i SRk Y 11

(1) 53 BB T7 8 53006 B 405 Log .+
8] Canny 5F43#]  Otsu 55143 E) n e A fb 45
BIEIFHFAT IO 25 SRR Owsu BRESS G422 1k
TEPEREAURS B AR A Sk AR A 10 e
S TR IRCR .

(2) FRAEFEHU T - 1A T 846 1Y 7 3 2B K
RGP (T PR B ) L 2B AR T AR
A b R o b AR BB R K SRR RDE S
VI BANAE TR AR, 25 R R W], AL AL R b S R
B TERRAE AN RO RRAEAE A AL g A | RE A8 3K 3 Jpe 4
AIROR .

(3) PBIB T T 2K IR REAE A Ay ) A AR
i ASE B ARARAS S B S e KR A
FIRREE 5 R8T SR SVM  BP #4128 W) 28 FIIR J3 2%
2 771 (ResNet F1 AlexNet #A) FNAF5E BN H £ IF
RIEREE DFM 5k, 45 SRR DFM B 7E 21k
I rh R IR R 95% LA E R B MERG %, B AL T
TG MLER > IR S 7k,

(4) 5T DFM BRI BLAE R U HOR B 78
FHUFEAT R SR I ACAR AR 247 22 58 fin 25 12 19
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mg/L AR 8.5 mg/L, UUTE Tt T35 H 7K 3k BE £
JEORAY 0.9 NTU [#{ 4 0. 4 NTU,

(5) A5 5 i F AR >k 17 B — b DX 5 K OK R
Je B2 TARRE R AE T Z R R K 04 F 8, ik — 2
W FE AR B 45 7K 5 2 H00RE S k114 38 PR o

% 30k
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