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6. Linear Programming (LP)
7. Non-Linear Programming (NLP
8. Dynamic Programming (DP)
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Figl . Schematic of Automatic flood control based on MPC
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1. Control-Oriented Dynamic Model (CODM)
2. Saint-Venant Equations

3. Continuity equation

4. Momentum equation
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Fig 2. Distribution of a canal into two zones and the trapezoidal cross section
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1. Integrator Delay Zero (IDZ)
2. Backwater effect
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Table 1. Transfer time delay for upstream dam to its downstream dam

Jusl by b albssy, b ol R
Transfer time delay Length of river (Km) Time (minutes) Time (day)
Tps 55 1762 1.2236
Tis 115 3684 2.5585
Ty 25 801 0.5562
T 70 2242 1.5573
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Table 2. characterization of Storage capacity,normal elevation and outflow discharges from reserviors and of hydropower plant

Oy b dow ol O b b O3 Jbe 5l 3 e s 25 Sl Sy, s> oo Sl
Name of dam or Reservoir Reservoir normal Maximum outflow Maximum outflow discharge
reservoir capacity (m’) elevation (m) discharge of dam (L] of hydropower plant {L)
Sl ol 2279 1025 8650 648
Karun Four
e 008 3000 845 13345 1376
Karun Three
S osl 3139 532 22500 1408
Karun One
Olales s 2615 369 21700 1520
Masjed-Soleyman
ble. s 5 4500 230 17500 1544
Gotvand-Olia
> 3300 290 6000 350
Dez

A

Z (e e+ ) Qe+ B) kot -1 k) Ru(k-+i-1))

i=1
Subject to;

ym y(k)=ymax
Ly <u(k) = U™
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Determnation of Model parameters, system constraints,
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system and 1ignoring other samples

Fig 4. Flowchart of MPC alogorithm
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Abstract

Automatic flood control approach can prevent dam overtopping and downstream flooding. Doing so,
in addition to controlling the optimal storage capacity, flood threats will turn into opportunities for water
resources systems. Model-based Predictive Control (MPC), can take the future predicted rainfall runoff,
physical and operational constraints, and safety limitations of the water system into account. In a suitable
timeframe before destructive floods, MPC creates essential and optimal capacity in the dam’s reservoir to
contain floods. In this research, water system modeling method is studied by a control-oriented approach,
and the flood automatic control operation using a model predictive control approach. To this end, modeling
of the Karun and Dez river system containing six reservoir dams is considered as the case study to model
and simulate under the designed MPC. The state space model will extract to design and apply the predictive
controller for two scenarios of prediction horizon (10 days and eight hour) in MATLAB software. The
results will show that enough long prediction horizon gives the controller enough time to create the necessary
capacity for flood control according to the system constraints, while a short prediction horizon, similar to

other controllers without predicting, does not have an effective performance.

Keywords: Automatic flood control, Model predictive control, System analysis, Water systems.

1. Corresponding Author and Associate Professor, Department of Electrical Engineering, Faculty of Engineering, Yazd University,
Yazd, Iran. Email: aghaei@yazd.ac.ir; Center for International Scientific Studies and Collaboration (CISSC), Ministry of Science,
Research and Technology, Tehran, Iran.

2. M.Sc. student, Department of Electrical Engineering, Faculty of Engineering, Yazd University, Yazd, Iran.

3. Graduated of Electrical Engineering, Faculty of Engineering, Yazd University, Yazd, Iran.

4. Associate Professor, Department of Environmental Science, School of Natural Resources & Desert Studies, Yazd University,
Yazd, Iran.

5. Professor, Department of Electrical Engineering, Polytechnic University of Catalonia (UPC), Barcelona, Spain.

Iran-Watershed Management 6 Vol. 17, No. 63, Winter 2024
Science & Engineering



