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Optimizing water management in irrigation networks, especially in arid and
semi-arid regions, is of critical importance. This research aimed to design an
intelligent control system for surface water conveyance canals. To this end, an
integrator-delay linear model was first developed, capable of simulating the
canal's hydraulic behavior. Subsequently, an innovative hybrid control system
based on the integration of a classic PID controller and a continuous
reinforcement learning agent was designed and implemented. The controller
gains were set to 0.209, 0.243, and 0.086 via manual tuning, and to 1.69,
0.055, and 0.086 respectively when tuned by reinforcement learning.
Performance evaluation under scenarios with 10%, 20%, and 30% flow
changes demonstrated that the RL-tuned controller has significantly superior
stability and accuracy compared to the manually tuned controller. The most
important indicator of this superiority was a five-fold reduction in the
maximum depth error for the 10% input change. The proposed system
represents an effective step towards intelligent water management in irrigation
canals; however, its application under critical conditions requires integration
with more complex non-linear models, which is suggested for future research.
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Figure 1. Schematic of the studied canal and its conceptual model
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Figure 2. Simulated environment in MATLAB Simulink for training the reinforcement learning agent
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Table 1. The relative error of water depth in different scenarios in different storage areas

Configuration  As (m?) Scenario Pooll Pool2 Pool3
1 0.051 0.210 0.054
1 As=[6000 2000 6000] 2 0.047 0.118 0.235
3 0.038 0.107 0.088
1 0.051 0.215 0.094
2 As=[6000 2100 6000] 2 0.047 0.132 0.199
3 0.038 0.118 0.153
1 0.051 0.175 0.056
3 As=[6000 1500 6500] 2 0.047 0.047 0.263
3 0.038 0.040 0.050
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Figure 3. The water depth comparison of different water deficit scenarios in the optimum storage area

Table 2. Performance indicators of water delivery at turnouts in water deficit operation scenarios

Scenario 1 Scenario 2 Scenario 3
RMSE 0.110 0.094 0.151
CRM -0.045 -0.044 -0.046
MAE 0.054 0.055 0.087
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