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Abstract [ Objective] Water supply pipeline networks are the lifeblood of urban operations, and ensuring their water quality safety
is of paramount importance. With the deepening advancement of smart water utilities, online monitoring instruments are gradually
replacing traditional manual testing and have become the primary means of water quality monitoring. Within this system, online residual
chlorine monitoring is particularly critical, serving as the first line of defense for the safety of urban pipeline network water quality.
However, electrode-type residual chlorine sensors are subject to signal attenuation during use, which affects the monitoring data. This
paper aims to address the measurement deviation caused by signal attenuation in amperometric free chlorine electrodes within water

"

supply networks and to promote the transformation of water quality monitoring from passive monitoring to " active prediction and early
warning". [ Methods] A parallel monitoring system combining colorimetric and electrode method was deployed, and a data-driven
hybrid eXtreme gradient boosting-long short-term memory ( XGBoost-LSTM ) model was constructed. Specifically, the XGBoost
algorithm was applied to correct the electrode signals for acquiring high-precision free chlorine sequences, while the LSTM model was
adopted to implement multi-step time series prediction of free chlorine. On this basis, an early warning system with functions of fault
self-diagnosis and anomaly identification was established, forming an intelligent prediction and early warning method. [ Results] The

XGBoost compensation model reduced the mean absolute error of electrode measurements over 34 days from 0. 252 6 mg/L to 0. 110 2
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mg/L, with a reduction rate of 56.37%. For the LSTM prediction model, the prediction deviation within the first 2 hours ranged from
0.016 6 mg/L to 0.026 4 mg/L, with a relative error from 3. 5% to 5. 7%. And it had established a three-tier dynamic threshold water

quality early warning mechanism based on predicted values. During multiple actual water supply network anomaly events, this system

successfully realized online free chlorine prediction and early warning, which verified its effectiveness and reliability.

[ Conclusion ]

This paper establishes an integrated technical closed-loop of " precision compensation-intelligent prediction-advanced

early warning". It not only provides an innovative solution to the problem of electrode signal attenuation, but also offers intelligent

technical support for ensuring the safety of urban water supply quality.

Keywords urban lifeline; residual chlorine monitoring; XGBoost algorithm; LSTM neural network ; intelligent prediction
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Fig.2  XGBoost Model Data
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Tab. 1 Incorporating Lag Features
H FRf 1] ff/(mg-L™") PR&E_1/(mg L") PR&E_T/(mg L") BRAE 8/ (mg L) ARZ_9/(mg-L7T)
09-23 15:00:00 0. 090 815 0. 068 703 0. 058 348 0. 060 405 0. 069 011
09-23 16:00:00 0.079 678 0. 090 815 0. 053 701 0. 058 348 0. 060 405
09-23 17.00:00 0. 069 965 0.079 678 0.058 111 0.053 701 0. 058 348
09-23 18:00:00 0.061 363 0. 069 965 0. 066 046 0.058 111 0. 053 701
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Fig.4 Prediction of XGBoost Model
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Fig.5 Performance Comparison of the Model before

and after Compensation Adjustment
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Fig. 8 Prediction of Residual Chlorine
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