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ABSTRACT

This study evaluated the operational performance of Al-based predictive coagulant control in a water treatment demonstration
facility. The proposed system was designed to overcome the limitations of conventional reactive operation based on
jar tests by predicting coagulant dosage in advance and applying the predicted values to actual process control. A Model
Bank consisting of Ridge, Lasso, Decision Tree, Random Forest (RF), Artificial Neural Network (ANN), Deep Neural Network
(DNN), and LSTM-RNN models was developed to predict the optimal coagulant dosing concentration. Among the models,
ANN and DNN showed low RMSE values and stable error distributions, while RF was most frequently selected under
both PACS and PACI dosing conditions. The predicted coagulant dosing concentration was converted into a dosing flow
rate using real-time influent flow data and then applied to the SCADA-HMI-PLC-based control system. During demonstration
operation, the predictive control reduced coagulant use by 39.71% for PACS and 54.08% for PACI compared with
conventional reactive control. In addition, sedimentation basin effluent turbidity was consistently maintained below 1
NTU. These results indicate that Al-based predictive coagulant control can improve operational efficiency while maintaining
stable water quality under the tested demonstration conditions.
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Fig. 1. Operational schematic of the demonstration-scale water treatment plant under different coagulant dosing control strategies.
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Table 1. Summary of data acquisition methods, control inputs, and model prediction variables

. Acquisition Raw data Model/control
Parameter Unit . Remarks
Method frequency resolution
Influent Flow Rate L/min API (Online) 1 min 1 h average Input variable
Influent Turbidity NTU T (Online) 1 min 1 h average Input variable
Temperature °C API (Online) 1 min 1 h average Input variable
pH - I (Online) 1 min 1 h average Input variable
Electrical Conductivity uS/cm I (Online) 1 min 1 h average Input variable
Reactive Control Dosing .
- 1 l I .
Concentration mg/L Jar-test 2 times/day  Hourly aligned nput/operation record
Reactive Control Dosi
gactive Lontrot Lostng ml/min PLC 1 min Operation record ~ Reactive control output
Flow Rate
- ] .
Predictive Con’m? Dosing mg/l.  Model prediction 1h 1h Model output
Concentration
Predictive Control Dosi -
redictive Lontrot Losing ml/min PLC 1 h command 1 h control Predictive control output
Flow Rate
Sedimentation Basin NTU API (Online) 1 min 1 h average  Process performance evaluation
Effluent Turbidity 6 P
Model Selection - Server (Online) 1h 1h Lowest RMSE model

*Online monitoring data collected at 1-min intervals were aggregated as hourly averages for model input and performance
evaluation. Reactive control dosing concentration was determined by jar tests twice per day and aligned to the hourly time step.
Predictive control dosing concentration was generated hourly by the AI model. Dosing flow rates were applied and recorded

through the PLC-based control system.
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oM, A oE 7% Aol WAel SHA A &

B9 el 24 gAe Hrbstar,

=i}

Z3} ofB 0 2489 H7}519ch (US. Environmental

Protection Agency, 2020).
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= WA EATeEN, SHA A3 aitel 4 kY
4 7ke) #9e FEHoR Bt

E| m] X
3. Zut ¥ 1
3.1 RYU+HE BN

Aol AEE Horo FYUS S+ B4 =
29} 2t} WEGOIA FAEo] A4 Azs M=
FUEE A4t ARH wsh 9 S o) we)

Z|tf 156 NTUZHA] ZF53k3ith o= PACI 4§ 7]
A4 2710 FAEUS

Y s A M

O:

2 A oox ¥
e 2 flo o

Be A5 wat %
AE Qgael A e FA% o 3
5 oo,

LGS olBHA AR ATHE AN
SERFelal glof, 22 AA| Ht 27.7°CE v A =
A ehgeh m4e 2ANAE S4 g W B8
4ol HriHoR Byeka 4 glonz, B AT 7]
ZF B9 SA Whge] fUd x7o] FAE o=
gherh.

pH A 717 Bt 7.61 $EOR WA Qg
o FAHYOm, $4 W] Ay WS et
sk T3 29717 Bk pH WE Eo| 2% o} &
A FRE A% ] mxE gae AgEeld
| Aow e

A7 AEEE A Hat 4486 pSlem= WA oF

Jo
°
S~

A Al7]ol= =
996 uS/cm7HA] Z7}slgith ol Fe &&=
79 B4 vzt g2 §£ o2 F& Z71Y
© & g

FEHOE, PACS W PACI 79 717 1+ 95 5
i Aolsk EASIER, £ SHA A9 AYBS 7
A vlaste] B4 $AA E Aol BAle Sr4e
@Sl WA Gtk mebd 2 AToA
PACS9} PACI 7+ ARES w4 vlmsir|w), 2+ &
A AN WollA AT g FA T A o
P Ao AR A S1A AHEF Aol S FHoE
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Table 2. Influent raw water quality characteristics

Operating Period

Parameter Unit Entire PACS Dosing PACI Dosing
(08/05-10/31) (08/05~09/13) (09/16 ~10/31)
10.78 9.50 11.89
Turbidi NT
urbidity u (0.07-156) (1.64-77.2) (0.07-156)
Temperature oC 27.7 30.7 25.0
P (20.6-35.2) (29.2-35.2) (20.6-31.0)
H 7.61 7.70 7.53
P (6.83-8.63) (6.83-8.63) (7.07-8.13)
Electrical 448.6 433.4 461.8
. uS/cm
Conductivity (0-996) (0-996) (0-875)
*Values are presented as mean (min-max) of raw monitoring data before preprocessing. Abnormal or non-operational values were removed or N
corrected according to the preprocessing criteria described in Section 2.2 before model training and performance evaluation. 'i)
sy
g
S A5FAL; E3] PACI $A7|7kol= 2] 156 NTU ~ DNN 2 LSTM-RNN9] RMSE 7]8F A5 EES m% e
o mEw 3 270l xRl ol A1 /el AASHULE T8 200 RVSE % v SFEHE
AHES d4 21 AolE gt 113“4 R aeslte] AA md ‘%43 WollA 2 A=Ay 4
A5 H97) Q) Aoz 35t 452 H<l Ridge, RF, ANN, DNN
% LSTM-RNN¢J 7:]-‘—]’# A A5 CE Lasso W DTS
3.2 STM FYsk of 22 ds Ege AA 7 =P RMSE 7| 4R
SHA FALE A 29 P MRE St Table 3of| g7l A AISFAH.
Ridge, Lasso, DT, RF, ANN, DNN 2 LSTM-RNN 7] a9 2 A FFE ALV Rl &

WAL RG] e g % ASEAE sgeign 0O RMSE RES MAES Y2 e Aol
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Table 3. RMSE-based performance comparison of coagulant dosing concentration prediction models

Coagulant Model RMSE - Selection count
Mean SD Median Min Max

Ridge 0.685 0.307 0.598 0.445 4.810 18
Lasso 0.677 0.209 0.605 0.461 1.300 0
DT 0.922 0.295 0.779 0.524 2.330 0

PACS RF 0.650 0.209 0.584 0.406 1.240 711
ANN 0.663 0.212 0.589 0.455 1.290 93
DNN 0.661 0.212 0.586 0.441 1.290 83

LSTM-RNN 0.667 0.211 0.593 0.432 1.290 55

Ridge 0.515 0.063 0.498 0.398 0.752 14
Lasso 0.524 0.062 0.508 0.405 0.756 0
DT 0.650 0.087 0.643 0.480 0.969 0

PACI RF 0.484 0.063 0.467 0.359 0.721 1013
ANN 0.521 0.063 0.505 0.398 0.758 3
DNN 0.515 0.063 0.499 0.389 0.758 8

LSTM-RNN 0.507 0.062 0.494 0.386 0.747 66

*DT: Decision Tree; RF: Random Forest; ANN: Artificial Neural Network; DNN: Deep Neural Network; LSTM-RNN: Long Short-Term Memory
Recurrent Neural Network. RMSE statistics were calculated from all hourly evaluation results for each model, regardless of model selection.
Selection count indicates the number of times each model was selected as the lowest-RMSE model for hourly predictive control.

E5 Fig 20 7 By A8 amE B A @ SAS ANnw, gl oEgES sjvke
AJSEGiTE PACS 7ol RE mdlo] n=711& 7bg 2 Shdbs RF mdlo] AHAQl o3 Al haof

=2 A" ¥=E Yeyon, PACI 7oA %= RF FestA g3 Ao = whehE oh(Breiman, 2001). T
o] n=10130 2 74 & e =g Bejrk of ¥ RF Bue AR o)A AtjHoR e o4
£ RF welo] tiopst @31 270 R w4y £ WME o W RMSE BEE yehyje] 54 231 204
4ol e Ao ko ASHS veisl B & S exrt SUieHs A¥E W Shelssic o
goz etk 53] SA4 FUBEE §9 BE, A RF 2L WA 4714 1 A A
pH, 52 5 choigt Qlate] Baty ok i vl dEglon, mE AZljolA 34 24 RMSES 1
(b)
14 @ 1.4
1.2 S 1.2
’ 1
Z 0.8
208 = o T o
g e = 06 l___lrL‘
04 ¢ 0.2 n=14 n=1013 n=3 n=§ n=66
0.2 n=18 n=711 n=93 n=83 n=>35 0
0 ORidge ORF B ANN EDNN MLSTM-RNN

Fig. 2. Comparison of RMSE distributions of Al-based coagulant dosing concentration prediction models by coagulant type:
(@ PACS and (b) PACL.
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Fig. 3. Temporal variations in coagulant dosing flow rate and sedimentation basin effluent turbidity under reactive and Al-based
predictive control during PACS dosing.
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dMo e, AT 95 U gl WE ohe A oS AN WAe AR5 ek S
dol AdAer ve A HAh FU <t Pearson A S = 0.147(p < 0.001),
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Fig. 4. Temporal variations in coagulant dosing flow rate and sedimentation basin effluent turbidity under reactive and Al-based

predictive control during PACI dosing.
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Table 4. Comparison of coagulant dosing performance between reactive and Al-based predictive control strategies

Categor Parameter Unit PACS PACS value PACI PACI value
gory Reactive Predictive P Reactive Predictive P
Operation Operation Time h 360 352 - 207 600 -
i + + + +
Coagl.llant Dosing Flow ml/min 6.804 = 1.384 4.097 *+ 1.367 <0.001 10.043 = 1.904 4.609 = 1.568 <0.001
dosing Rate (5.0-9.5) (0.6-10.6) (9.0-13.5) (0.7-13.4)
Water Effluent 0.794 = 0.193 0.807 = 0.189 0.821 = 0.146 0.867 = 0.170
. . 1. NTU 0.367 <0.001
quality Turbidity (0.1-1.0) (0.5-1.0) (0.5-1.0) (0.4-1.0)
C lant
Evaluation oagu an % - 39.71 - - 54.08 -
reduction rate
Effluent turbidity
Evaluation compliance % 100 100 - 100 100 -

rate(<1 NTU

*Values are presented as mean + standard deviation (min-max). Statistical differences between reactive and predictive operations were evaluated
within each coagulant condition using Welch's t-test based on hourly operation data. p-values indicate the significance of differences between the
two control strategies. The effluent turbidity compliance rate was calculated based on the criterion of <1 NTU.
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