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Abstract:  Water delivery scheduling is made using water delivery parameters including irrigation frequency, flow rate, and 
delivery duration. An appropriate delivery system is required to perform the scheduling, and to deliver water to 
consumers. Attempts such as land levelling, farmer lessons and pressurized systems cannot be useful, if farmers do 
not receive water accurately. The on-request (arranged) delivery system is useful for existing irrigation canals, but 
determination of delivery parameters are complex in an irrigation canal. Conventionally, water delivery duration is 
24 hr in existing irrigation canals caused more water losses. In this research, the FSL (Fuzzy SARSA Learning) 
method in combination with ICSS (Irrigation Canal Conveyance System Simulation) hydrodynamic model was 
developed in MATLAB software to schedule water delivery with duration of less than 24 hr. The physical and 
hydraulic data of the East Aghili canal located in Khuzestan province (southwest Iran) were used for simulations with 
delivery duration of 6 hr. The results showed that the developed FSL model for delivery duration of 6 hr could 
establish water depth within dead band, while extracting operation instructions with high accuracy. Water depth 
indicators were acceptable, and efficiency and adequacy indicators were obtained more than 0.96 and 0.95, 
respectively. The results showed that the FSL model could schedule water delivery for duration of less than 24 hr in 
canal level. Therefore, more adaptation with crop requirement (in farm level) can be achieved. The output of the farm 
level software can be used as input to this model; however, it is not contribution of this study. 
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1. INTRODUCTION 

Water management can be made in two separate levels, including irrigation canals level 
management and farm level management. Water programming at farm level needs a water delivery 
system in irrigation canals which delivers accurately the requested water to the fields. Excellent 
field water management requires delivered water to the field to be manageable. 

In most cases, water is delivered from the canal to the farms as rotational with a predetermined 
program and fixed water delivery parameters (frequency, rate, and duration) during the growing 
season. Water delivery parameters are variable, and farmers can receive water without giving any 
advance requests in on-demand systems. This method is impractical for almost all existing irrigation 
canals, because they have either rotational or on-request (arranged) control system. 

The rotational method has low flexibility and the on-demand needs high costs. Different 
optimization methods such as Genetic Algorithm (GA), Simulated Annealing (SA), Particle Swarm 
Optimization (PSO) were used to	schedule water delivery in the rotation and on-demand methods 
by Wang et al. (1995), Reddy et al. (1999), Santhi and Pundarikanthan (2000), Anwar and Clarke 
(2001), Nixon et al. (2001), Wardlaw and Bhaktikul (2004), Monem and Namdarian (2005), Mathur 
et al. (2009), Ramesh et al. (2009), Urrestarazu et al. (2012) and Liu et al. (2013). 

Attempts such as land levelling, farmer lessons, pressurized systems, etc., will not be useful, if 
farmers may not control the frequency, rate, and duration of the water deliveries. So, an 
improvement in water delivery systems is extremely important. In the on-request method, water 
delivery parameters are determined by the agreement between the farmers and the canal manager. It 
has higher flexibility than rotational and lower cost than on-demand method. 
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In most canals, duration of the water delivery is 24 hr, traditionally, while farmers and canal 
managers may have many choices about frequency, rate, and duration of water deliveries. 
According to the requests and agreement of operating agency, the water requests are finalized. An 
operator moves along the canal from upstream to downstream and operates the canal structures 
when he/she arrives at each structure location based on his/her experience. Indeed, the operator 
adjusts canal structures manually according to the observed depth and discharge in appropriate time 
empirically. Operational instructions extraction for the agreed watery delivery parameters between 
farmers and canal manager is important. The operational instructions are the canal structures 
adjustment (Go) and Time of Adjustment (TA), which is a complex task in the on-request method. 

Fuzzy SARSA (Sate-Action-Reward-State-Action) Learning (FSL) is a powerful and advanced 
approach, as one branch of Reinforcement Learning (RL) used successfully in industry. During a 
trial and error process, an action is calculated and applied to each state; then, a reward is assigned to 
that action (Glorennec and Jouffe, 1997; Derhami, 2007; Derhami et al., 2008; Kaelbling et al., 
1996; Browne et al., 2008). Shahverdi et al. (2016) developed FSL and combined with ICSS 
hydrodynamic model to extract operational instructions in irrigation canals for water delivery 
duration of 24 hr. They used the physical and hydraulic data of the first block of East Aghili canal. 
The distance between two successive check structures was defined as a block. One or more turnouts 
may be located within each block.  

In this research, duration of water delivery will be reduced from 24 hr to 6 hr and investigated in 
consolation with operators and canal manager. The FSL is developed for water delivery duration of 
6 hr, and operational instructions are extracted in the on-request method. The physical and hydraulic 
data of the East Aghili canal located in Khuzestan province in southwest Iran are used for 
simulations. Water depth and water delivery performance indicators will be used for evaluations.  

2. METHODOLOGY 

Reinforcement Learning (RL) is an approach which tries to find the appropriate pair of inputs 
and outputs to maximize a reward function. In the on-request method, the water depth upstream of 
the check structures and turnouts flow requirements are the inputs, and the time and amount of the 
canal structures adjustment are the outputs. 

The FSL includes two components: a SARSA RL and a simplified typical zero-order TSK 
(Takagi-Sugeno-Kang) fuzzy logic. In the FSL, the conclusion parts of the simplified TSK model 
(Sugeno and Takagi, 1983) is learned using the SARSA RL process, and a Q-function is generated. 
The learned Q-function can be used for canal structures operation.  

Consider rules Ri with n-input and one-output in a zero-order TSK: 

Ri: If x1 is Li1 and ... and xn is Lin, then (αi1 with Qi1) or ... or (αim with Qim)    (1) 

in which, s=x1× ··· ×xn is the vector of input, Li = Li1× · · · ×Lin is the fuzzy set of the rule of i, m is 
the number of possible discrete actions for each rule, aij is the candidate action of j, and weight of 
Qij (Equation 2), named Q-function, is the value of the action of j in the rule of i.  

Q!" =

Q!!(𝑠!, 𝑎!) ⋯ Q!"(𝑠!, 𝑎!)
⋮ ⋮ ⋮

Q!"(𝑠!, 𝑎!)
⋮
⋮

Q!!(𝑠!, 𝑎!)
⋮

Q!"(𝑠!, 𝑎!)

⋯
⋮
⋮
⋯
⋮
…

Q!"(𝑠!, 𝑎!)
⋮
⋮

Q!"(𝑠!, 𝑎!)
⋮

Q!"(𝑠!, 𝑎!)

 (2) 

The SARSA RL tunes the parameters of conclusion part of TKS system (values of Q-function) to 
obtain the best actions. The FSL process is illustrated in Figure 1.  
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Figure 1. The FSL process 

When the FSL is run, required inputs such as temperature (δ), learning rate (β), discount factor 
(γ), total number of blocks and iterations are read. These parameters will be explained subsequently. 
For each block, FSL learns separately by 10,000 iterations; however, the learning process is similar 
in all blocks. 

The FSL inputs (state st) are comprised the water depth at upstream of the check structure, 
turnouts demand and flow to the nest block. Based on the st, the firing strength parameters of rule i 
(µi) are computed by the product of the antecedent fuzzy sets using defined Fuzzy Interface System 
(FIS). The actions (αt) are selected randomly in the first iteration. The temperature and learning rate 
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parameters are reduced during the learning process in other iterations.  
The temperature shows randomness degree of the selected actions. Its initial value (equal to 30 in 

this research) influences the learning quality and speed. The temperature is decreased during 
learning using Equation 3: 

δ t+1 = 0.991δ t   (3)  

When the temperature is high, the actions are selected with the same probability, means all 
actions have the same selection chance. The actions with higher values are more likely to be 
selected at the lower temperatures. As the assigned reward becomes close to maximum reward for 
an action, the value of that action will be the highest.  

In each iteration, the learning rate affects the Q-function values. The agent does not learn 
anything, if the learning rate becomes zero. The initial value of learning rate is determined by trial 
and error, obtained 0.9 in this study. It was decreased during the learning process as Equation (4):  

βt+1 =
βt

1.017
 (4) 

The ICSS hydrodynamic model was used to simulate canal conditions. The input to the ICSS is a 
set of selected actions, and its outputs comprise the water depths at upstream of the check structure, 
and turnouts flow requirements, named new state (st+1). Each simulation time step was 0.01. Refer 
to Manz and Schaaljez (1992) for more details on ICSS. The immediate reward of rt+1 is assigned 
using Equation (5): 

| yt+1 − yt arget |> 0.1yt arget → rt+1 = −10* yt+1 − yt arget

| yt+1 − yt arget |< 0.1yt arget → rt+1 =
100

(dQct+1 + dQtt+1)+ 0.01

⎧

⎨
⎪

⎩
⎪

 (5) 

in which dQc  and dQt  are the flow deviations in the check structures and turnouts from requested 
values, respectively; y and etty arg are the simulated and target depth at upstream of the check 
structure.  

The actions probability )( ijap is computed by Softmax action selection method using the 
temperature, Q-function values, and firing strength ( iµ ) parameter (Equation 6); the final action 

)( 11 ++ tt sa is calculated using the actions with higher probability ( +iia ) and firing strength (Equation 
7) in each iteration. The action value of ),( 11 ++ tt asw  and approximate action value error ( wΔ ) are 
estimated according to Equation (8) and Equation (9), respectively.  

p(aij ) =
e
µiQ

ij

δ t

e
µiQ

ij

δ t

j=1

m

∑
 (6) 

at+1(st+1) = µi (st+1)aii+
i=1

R

∑  (7) 

w(st+1,at+1) = µi (st+1)Qt
ii+

i=1

R

∑  (8) 
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Δw = rt+1 + γ w(st+1,at+1)−w(st ,at )  (9) 

in which γ is discount factor (0< γ <1) and determines the importance of action value of ),( 11 ++ tt asw . 
Finally, Q-function is updated using Equation (10): 

ΔQ =
βt+1 × Δw × µi (st+1) if j = i+

0 otherwise
⎧
⎨
⎩

              (10) 

3. PERFORMANCE INDICATORS 

The Measure of Performance relative to Efficiency (MPE) and Adequacy (MPA) are water 
delivery indicators. These values show the waste and deficiency of water, respectively, represented 
as Equations 11 and 12. The desired value is 1.0. 

MPE = 1
N

1
TN

∑ (PE)
T
∑ ,

PE = QR

QD

IF QR <QD

PE = 1 IF QR

QD

>1

⎧

⎨
⎪⎪

⎩
⎪
⎪

 (11) 

MPA = 1
N

1
TN

∑ (PA)
T
∑ ,

PA = QD

QR

IF QR >QD

PA = 1 IF 1< QD

QR

⎧

⎨
⎪⎪

⎩
⎪
⎪

 (12) 

where N is the number of turnouts, T is the simulation time step, Q is the discharge, and subscripts 
R and D refer to requested and delivered, respectively.  

The Maximum and Integral Absolute Error (MAE and IAE) indicators (Clemmens et al., 1998) 
show the maximum and average deviation between observed and target water depth, respectively, 
used to evaluate water depth variations (Equations 13 and 14). The smaller values of the MAE and 
IAE are desirable.  

MAE =
max( yt arget − y )

yt arget
 (13) 

IAE =

T
D

( yt arget − y )
T =0

D

∑
yt arget

  (14) 

where D is the total simulation time. 

4. STUDIED CANAL 

The East Aghili canal located in Khuzestan province in southwest Iran used in this study. It has a 
trapezoidal cross-section (side slopes is 1:1), 20 rectangular turnouts and 11 vertical rectangular 
check structures controlling water depth. The base width is 1.5 m from kilometre 0 to 9.485 and 1 m 
from kilometre 9.485 to 16.215. The bed slope varies along the canal between 0.0001 and 0.0004. 
Figure 2 shows the longitudinal profile of the canal. The block number, structure name and 
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recorded data of the canal are given in Table 1.  

 

Figure 2. Longitudinal profile of East Aghili canal 

Table 1. The data of the East Aghili canal 

Steady-state condition St. 
name 

Block 
No. Go 

(cm) 
Flow 
(l/s) 

Target 
Depth (cm) 

- 1370 - Inlet 

B1 
13.8 80 - TO1 
13.4 100 - TO2 
7.9 70 - TO3 

30.9 1120 1.25 Ch1 
11.5 80 - TO4 

B2 7.9 70 - TO5 
31.5 970 1.25 Ch2 
8.5 60 - TO6 

B3 8.2 70 - TO7 
35.2 840 1.15 Ch3 
10.5 80 - TO8 

B4 8.3 70 - TO9 
21.4 690 1.15 Ch4 

8 60 - TO10 
B5 7 60 - TO11 

19.2 570 1.15 Ch5 
7.6 60 - TO12 B6 

 

Steady-state condition St. 
name 

Block 
No. Go 

(cm) 
Flow 
(l/s) 

Target 
Depth (cm) 

8 60 - TO10 
B5 7 60 - TO11 

19.2 570 1.15 Ch5 
7.6 60 - TO12 

B6 
30.1 510 1.05 Ch6 
7.8 60 - TO13 

B7 
26.2 450 1.05 Ch7 
9.1 70 - TO14 

B8 
23.9 380 0.95 Ch8 
7.8 60 - TO15 

B9 7.8 60 - TO16 
15.5 260 0.95 Ch9 
8.5 60 - TO17 

B10 6.8 50 - TO18 
10.8 150 0.85 Ch10 
7.3 50 - TO19 

B11 7.3 50 - TO20 
6.8 50* 0.75 Ch11 

 

* The flow to the downstream of the check structure 11 (ch11), TO: Turn Out, Ch: Check structure 
 

In the current operation of the East Aghili canal, the user demands are collected. Then, 
operational instructions are determined manually based on the operator experience to deliver 
requested water. Each day at the 8 o’clock, the operator moves along the canal and regulates the 
structures. This means that canal structures are adjusted one time a day, traditionally.  

In this research, water requests in a critical period were considered (Table 2). The simulation was 
started with a steady-state condition given in Table 1. The first operation is started at 6:00 a.m. and 
canal structures are adjusted four times a day starting at 12:00 p.m., 18:00 p.m., 00:00 a.m. and 
8:00 a.m., respectively. The operator adjusts the canal structures from upstream to downstream 
sequentially. 
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Table 2. The requested water (l/s) 

TO No. first 
6 hr 

second 
6 hr 

third 
6 hr 

fourth 
6 hr 

Inlet 1470 1260 1440 1460 
TO1 90 80 100 100 
TO2 100 100 100 100 
TO3 90 70 80 80 
TO4 90 60 80 80 
TO5 80 60 80 80 
TO6 60 50 70 60 
TO7 80 70 80 80 
TO8 80 70 80 80 
TO9 70 60 80 80 

TO10 70 50 80 70 
 

TO No. first 
6 hr 

second 
6 hr 

third 
6 hr 

fourth 
6 hr 

TO11 70 50 70 80 
TO12 60 60 70 60 
TO13 60 50 60 60 
TO14 60 60 60 60 
TO15 60 60 50 60 
TO16 60 50 50 60 
TO17 70 60 60 60 
TO18 60 50 50 60 
TO19 60 50 50 60 
TO20 50 50 50 50 

Downstream 50 50 40 40 
 

5. RESULTS 

The FSL method was developed to determine the operational instructions for delivery duration 
operation of 6 hr in the East Aghili canal. A water delivery pattern with high flow fluctuations was 
selected among the recorded data of the canal in consolation with canal operator and manager. The 
extracted operation instructions are given in Table 3. 

The canal structure adjustment calculated here is based on unsteady flow condition and differ 
from those of in steady flow. They are optimum values which produce high water delivery 
indicators. Operations 1-4 were started at 0.71, 6.27, 12.21 and 18.19 hr, respectively. The values 
for last operations were 5.89, 10.56, 16.29 and 22.42, respectively. These showed that operator 
could operate the structures four times in 24 hr. Hence, it is possible duration of water delivery to be 
reduced to 6 hr. Therefore, delivered water may be more manageable by users and compatible with 
pressurized irrigation systems in the field. Also, flexibility increases and farmers have more choice 
to irrigate.  

The performance indicators are given in Table 4 for all blocks and illustrated in Figure 3 for the 
canal. The maximum and average deviations between simulated and target water depths, i.e. MAE 
and IAE indicators, are within the dead band; therefore, water depths were controlled successfully. 
MAE indicator is between 10.2 and 19.1%, and IAE indicator is 19.1% between 6 and 17%. 

 

 
(a) 

 
(b) 

Figure 3. The MAE and IAE indicators (a) and the MPE and MPA indicators (b) 

All MPE values in the blocks are greater than 0.96 in all operations. This shows water delivery 
efficiency is very high and water surplus is nearly zero. Therefore, the FSL has extracted 
operational instructions very well for the considered duration. The same results can be found on the 
MPA indicator. The MPA values vary between 0.95 and 0.98 in the canal. This shows water 



50 K. Shahverdi 

delivery adequacy is very high, and water deficit is low. The results showed water surplus is more 
than water deficit because the MPE values are greater than MPA values; therefore, a deficit is 
reported generally. It can be concluded that water depth indicators are within the dead band, and 
water delivery indicators are close to the desired values. 

 
Table 3. The extracted operational instructions (Go is in cm and TA is in hour) 

Structure  
Number 

1st 6 hr 2nd 6 hr 3rd 6 hr 4th 6 hr 
TA 
(hr) 

Go 
(cm) 

TA 
(hr) 

Go 
(cm) 

TA 
(hr) 

Go 
(cm) 

TA 
(hr) 

Go 
(cm) 

TO1 0.71 15.5 6.27 14.2 12.21 18 18.19 17.3 
TO2 1.3 13.2 6.45 14 12.39 12.6 18.45 12.9 
TO3 1.66 10.1 6.7 8 12.65 8.6 18.7 8.7 
Ch1 1.67 31.7 6.71 27.2 12.65 29.2 18.7 30 
TO4 1.86 12.8 6.83 8.8 12.87 11.6 18.9 11.7 
TO5 2.1 8.9 7.08 6.9 12.98 9 19.12 9.2 
Ch2 2.11 32 7.09 28.6 12.98 31.4 19.12 34.6 
TO6 2.33 8.4 7.34 7.1 13.21 9.7 19.44 8.1 
TO7 2.55 9.2 7.63 8 13.31 9 19.49 8.9 
Ch3 2.56 33.3 7.64 25.9 13.31 35.5 19.49 33.4 
TO8 2.78 10.5 7.86 9.3 13.57 10.1 19.74 10 
TO9 2.99 8.3 7.93 7.1 13.74 9.1 19.9 9 
Ch4 3 21.3 7.94 17.3 13.74 18.9 19.9 19.4 

TO10 3.28 9.4 8.12 6.7 13.97 10.8 20.12 9.4 
TO11 3.63 8.2 8.24 5.9 14.15 8.2 20.41 9.5 
Ch5 3.64 18 8.25 15.8 14.15 16.8 20.41 18.4 

TO12 3.72 7.8 8.52 7.8 14.24 8.8 20.73 7.2 
Ch6 3.73 30 8.53 23.3 14.24 23.8 20.73 24 

TO13 3.92 8.1 8.74 6.8 14.48 8.3 21.04 8.3 
Ch7 3.93 23.9 8.75 22.4 14.48 23.9 21.04 25.4 

TO14 4.19 8 9 8.2 14.7 8.3 21.4 8 
Ch8 4.2 24.9 9.01 21.8 14.7 21 21.4 21 

TO15 4.53 7.8 9.35 8.1 15.1 7.1 21.46 8.8 
TO16 4.77 7.9 9.56 6.7 15.5 7 21.71 8.6 
Ch9 4.78 15.1 9.57 13.3 15.5 15 21.71 15.6 

TO17 4.97 10.1 9.84 8.8 15.73 8.7 21.88 8 
TO18 5.23 9.1 10.05 7.2 16.05 6.1 22.14 7.8 
Ch10 5.24 9.7 10.06 8 16.05 8.8 22.14 7.3 
TO19 5.65 10.5 10.31 7 16.26 7.1 22.19 8.5 
TO20 5.88 5.7 10.66 6.9 16.29 7.2 22.42 7 
Ch11 5.89 4.7 10.67 3.3 16.29 4.6 22.42 3.1 

 
Table 4. The performance indicators (MAE and IAE is in percent) 

 
1st 6 hr 2nd 6 hr 3rd 6 hr 4th 6 hr 

MAE IAE MPE MPA MAE IAE MPE MPA MAE IAE MPE MPA MAE IAE MPE MPA 
B1 4.4 1.9 0.99 0.98 4.6 4.3 1.00 0.99 8 6.7 1.00 0.98 8 8.1 1.00 1.00 
B2 2.3 1.9 1.00 0.96 3 3.2 0.9 1.00 1.1 1 1.00 0.99 3.6 3.9 0.99 1.00 
B3 4.3 4.2 1.00 0.98 12 9.5 0.97 1.00 12 4.6 1.00 0.98 9.9 10.5 1.00 0.99 
B4 2.1 1.1 0.99 0.98 8 1.9 0.98 1.00 9.5 10.2 1.00 1.00 10.1 10.8 1.00 0.99 
B5 1.3 0.8 0.99 0.95 1.9 1.7 0.99 0.99 1.2 0.8 1.00 1.00 1.3 1.1 0.99 0.99 
B6 7 4 0.99 1.00 7 1.7 0.98 1.00 4.8 2.5 1.00 0.99 11 10.4 1.00 0.99 
B7 1.5 0.7 0.96 0.98 10.2 8.7 0.98 1.00 11.9 12.1 1.00 1.00 11.1 9.3 0.98 1.00 
B8 9.3 6 0.99 0.99 14.2 11.3 1.00 0.98 13.6 9.5 0.98 1.00 8.1 3.3 0.99 0.99 
B9 6.8 1.5 0.99 0.98 10.4 7.6 1.00 0.99 15.9 14.2 0.99 1.00 19.1 17 0.99 0.99 

B10 10.2 4.3 0.98 0.97 10.2 4.4 0.98 0.99 3.9 1.9 1.00 0.95 13.6 7.2 0.99 0.98 
B11 7.5 1.2 1.00 0.96 11.6 5.2 0.99 0.98 10.9 3.6 0.99 0.99 8 2.4 1.00 0.97 

 
Water depth variations at upstream of the check structures in all blocks are shown in Figure 4 for 

the operations. When inflow is changed, water depth deviates from the target depth. Depth 
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deviations have smooth variations in almost all blocks in operations. Water depth variation is 
gradual and flow is nearly steady-state after structures adjustment.  
 

D
ep

th
 (m

) 

 

 
 Time (hr) 

Figure 4. Water depth variations after applying the extracted operational instructions 

The results showed the FSL could schedule water with high accuracy in water delivery duration 
of 6 hr, and water delivery and distribution with delivery duration of less than 24 hr are possible. It 
can be concluded that the water delivery duration of 6 hr can be used to improve water management 
in irrigation canals, if developed FSL is used. Therefore, delivered water may be more manageable 
by users and compatible with pressurized irrigation systems in the field. Also, flexibility increases 
and farmers have more choice to irrigate. 

6. CONCLUSION 

In this study, developing the FSL method for extracting operational instructions were considered 
to investigate water delivery durations of 6 hr in East Aghili canal to improve irrigation 
management in the on-request method. The operational instructions were extracted using the 
developed FSL algorithm and simulated by ICSS. The FSL must learn the corresponding 
operational instructions for structures along the canal to deliver requested flows, while controlling 
the target depth within the dead band. Based on the results, water delivery duration of less than 24 
hr is possible in the irrigation canals. The maximum deviations between observed and target depth 
are within the dead band, and IAE indicator shows acceptable performance in all operations. All 
MPE values in the blocks are greater than 0.96 in all operations. The MPA values vary between 
0.95 and 0.98 in the canal. The results showed high efficiency and adequacy, and the FSL was 
extracted operational instructions very well for the considered duration.   

The results show the FSL can schedule water delivery with high accuracy in 6 hr duration, and 
water delivery and distribution with delivery duration of less than 24 hr are possible. It can be 
concluded that the water delivery duration of 6 hr can be reduced to improve water management in 
irrigation canals if developed FSL is used. Therefore, delivered water may be more manageable by 
users and compatible with pressurized irrigation systems in the field. Also, flexibility increases and 
farmers have more choice to irrigate. 
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