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Abstract ; [ Objective ]| Model Predictive Control (MPC) has been increasingly applied to the coordinated regula-
tion of sluices and pumps in urban drainage systems to maximize the utilization of existing storage capacity and miti-
gate waterlogging risks. However, research on leveraging observational data to improve model prediction perform-
ance remains limited. This study focuses on measurement uncertainty in real-time control of urban drainage systems
and proposes an Unscented Kalman Filter-based Model Predictive Control ( UKF-MPC) method to enhance system
adaptability under complex conditions. [ Methods ] By integrating model predictions with sensor observations, the
proposed method incorporates data assimilation into the error feedback strategy and state update of the MPC predic-
tion model, establishing a real-time data-driven MPC framework. The approach was validated in the Doumen area of
Fuzhou City. [ Results] (1) UKF-MPC significantly improved flow prediction accuracy by dynamically fusing ob-
servational information with model outputs, increasing the Nash-Sutcliffe Efficiency ( NSE) from 0.39-0.58 to 0.56
—-0.79, with a mean Relative Improvement Percentage ( RIP) of 36.4%. (2) Through data assimilation, the meth-
od upgraded traditional error feedback to state-space correction. Under 50-year and 100-year return period storm
scenarios, UKF-MPC consistently generated more robust control strategies, enhancing system adaptability in com-
plex environments and providing a framework capable of real-time system state perception and dynamic control opti-
mization. [ Conclusions | Compared with conventional MPC | the control strategies derived from UKF-MPC exhibit
superior applicability and robustness under uncertain conditions. Future research will quantitatively analyze the in-
fluence of UKF parameter settings on correction performance and conduct systematic validation across multiple wa-

tersheds and diverse rainfall events using richer observational data, to further clarify the applicability boundaries
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and parameter sensitivity mechanisms of UKF-MPC. On this basis, further exploration will focus on incorporating

state covariance information directly into the optimization problem to develop a risk-aware model predictive control

method.
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Table 1 Investigated storm events
Py BRI AR Ve /i i At/ b Rég /i et/ mm
1 2021-08-01 73.6 287.2
2 2022-05-26 9.8 32.4
3 2022-06-02 7.4 41.4
4 2022-06-06 7.6 72.7
5 2022-06-09 8.8 67.9
6 2021-05-24 5.7 43.3
7 2021-05-30 6.8 33.6

F2 WMNEEREERIE

Table 2 Validation of prediction model accuracy

KR e I A S 2 I ) K EIR NSE
2021-08-01 0.013 4 0.967 9
2022-05-26 0.064 4 0.812 5
2022-06-02 0.048 5 0.921 2
HEE 2022-06-06 0.009 3 0.895 2
2022-06-09 0.024 3 0.965 7
2021-05-24 0.065 3 0.792 7
2021-05-30 0.091 2 0.882 0
2021-08-01 0.085 9 0.644 9
2022-05-26 0.143 5 0.680 0
2022-06-02 0.009 4 0.790 5
X336 I 2022-06-06 0.195 2 0.766 2
2022-06-09 0.199 4 0.701 5
2021-05-24 0.005 8 0.623 4
2021-05-30 0.138 2 0.655 2
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Table 5 Prediction results

ETs NSE RIP/% TH R iR 2%
H'5  BIEHT IS (IEIERT) /%

1 0.54 0.79 54.3 9.10

2 0.58 0.69 26.2 16.30

3 0.52 0.57 10.4 18.10

4 0.53 0.68 31.9 15.90

5 0.40 0.69 48.3 12.30

6 0.43 0.77 59.6 7.90

7 0.49 0.58 17.6 17.50

8 0.44 0.69 44.6 13.50

9 0.39 0.56 27.9 16.10

10 0.46 0.69 42.6 12.70
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