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1- Reinforcement Learning
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Table 1. Physical and hydraulic specifications of sluices.
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Demanded ? Demanded ?
Discharge Type of Off-take Off-take Discharge Type of Off-take Off-take
3 g Off-take Number 3 g Off-take Number
(m’/s) (m’/s)
0.033 XX2 CL7 14 0.055 L2 POR 1
0.012 XX2 PL7 15 0.021 L2 POL 2
0.012 L2 CL8 16 0.015 XX2 CL1 3
0.012 XX2 PL8 17 0.079 XX2 CL2 4
0.058 L2 CL9 18 0.073 XX2 PL2 5
0.058 XX2 PL9 19 0.021 XX2 CL3 6
0.058 L2 CL10 20 0.049 XX2 PL3 7
0.175 L2 CL11 21 0.055 XX2 CL4 8
0.06 XX2 PLI11 22 0.01 XX2 PL4 9
0.06 XX2 CL12 23 0.021 XX2 CL5 10
0.175 L2 CL13 24 0.021 XX2 PL5 11
0.061 XX2 PL13 25 0.024 L2 CL6 12
0.112 XX2 CL14 26 0.033 XX2 PL6 13
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Figure 1. Schematic of the control system (MPC).
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1- Model Predictive Control
2- Integrator Delay (ID) Model



LS candld (sag0 w9 (Sl LWL S0

Sl = IS e el il e O 225
A 53 U o3k gll s Of mhaw pssy S s
S ool oS b Ol a6 Gl oS
Qs 2 b lply Wl cxlisy 0L
g o5 Ky el I s T aS > et
“ $oass o 3 ke Ly 8 Ky Usb s
e o8 sl pesdle (bl al AL
w25 sbgs JUES oL cwnul sles! e
Sl S L0,k 5 dus
Condy o piie Olpear 5 (Cn (K)ol Jl-
Sse bl ol Nsde Bl e
Ly Lizel 5 sl pad 28 Soite (Lomds Slam Sle
S glad o b 4 candllae )50 JUBS Il e3L sl

x(k+1) = AK).x(k) + B, .u(k) + B,.d (k)

O+ D] (70 0 0 0 0]- 0
e 1000 0 0 s
0,.(k 0, (k-1)

' 0001 0 0 '

O, (k-k,;) T O, (k-k,)

| ek+1) | 00 0 0 A" I ek

D L(%e)

.:e.— e.
J J n—1 4 i (i>

) US o3k e e sl 51 e ool &S
BLAI L osde Jol Lol plos gllax (Sl
Sl Ll sy Sla s Sl D iie O3 505
Jol= 0 oy Sl (adlas 5,5 JUS Jyloesl

Dyt

{40, 0]+

L
N

qoanal (t):qin (t_T) (\)
o a2 ) ke G T s S
Leﬂ}s g_):">u 4" S2903 L;.’J qt‘anal ’-Ul-iJ} k:»?\jai:

o il e b 0y s T 0l f
O G Lilen LngMifﬂwle;‘U@J
Spbipe Jala 1 Jhe JISEI s 5 e S e
Oy s 315 53 o e ol S
JUS 3L 5l s 5 o0 sl bl

PG -9,
s dt - qcanal qout (V )

Error! Bookmark not ->~lL.. 4 o s«
ol Sy e i 3 0t o defined.

w&@j\fjf@bqanjkﬁiwh

[0 ®)] )

NS

G)‘); R Q‘i‘ L}ﬁa\ RV ASQT ©arg b

el Gllke  ploly el ;.j aV¥sle
Coms g juxis cg_.JT CE—N LgUa;'— <l LS)‘JJ'.mJG'f
2 Fete 8 28 BLAIY daly 4 Ll uds
L3l ded 3 ol dewles ol cia.ﬂ sl o
o b odaly Cosen Do opl by LSl

Dy st



IYAY (0) o5l ((Y0) Wl S g Of Cbilis g Widg3s & puit

sLdlls s by, CU’“ ol b it
Sz 1 (S Olgea ols Gras 5 oS
(Jlie s 53 .(VY) 338 o A (15 e g @\)
Al by Jx8 cod Sl S e b sl
Tl e s SO (S5l Olpe) Ll
B G Kb assiee ST s b
SIES 53 ek eslinad (gluang o2, .0T)
ol dlesl U1y Wl J> 4l Wiy e MPC
Sheslaad b e 5L kS Sagdee ey gdome
ot 3l S ab gileane (2SS S
o Wbl glacassdee 35 L 5 Lo
S e il sl s B s
3 okd na pd am s Snoaely Sles Sl
b e e gl S el sslizal LB
sedkd e (\Y) s £33 43 Sl Blas
o Sl S0 laen, S (Sl e
ol S8 s Ses 5 ddl S (ol dlons
OSde ags 55 edd 4l ab bl ol sl
MG sl Olsiea IPAT 5 ASMY (5580 5
LS e e oS 1 gileang Al S gsleel
LR B BT ERGST |V R VARGV Ry W R U
sl sy oo Spia Lile Slab o

1- The Active Set Method
2- Interior Point Algorithms
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1- Performance Indicator for Equity Measure
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Figure 2. Canal operational scenario under a) Normal inflow fluctuations b) Severe inflow fluctuations.
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Table 2. Equity water distribution index results in operational scenarios.
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Figure 3. The calculated equity indicator for the different operational scenarios of this study.
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Abstract

Background and Objectives: Unconventional operational conditions within main irrigation
canals, due to intensifying following drought conditions, has resulted to poor performances of
the irrigation districts in water distribution between the water holders from the equity
perspectives. Accordingly, have convinced the managers to employ the modern operational
strategies. However, hiring these smart operational strategies need automatic control systems
and getting the advantages of the approach is quite impossible by using the conventional
operational methods.

Materials and Methods: An automatic control system, using Model Predictive Control, is
designed and tested in the present study. Also, simulation of the hydraulic conditions of the
irrigation canal is accomplished by a simplified mathematical model of Integrator-Delay (ID)
model in Matlab. Moreover, the operational strategy of different error gets employed by the
MPC controller by defining a new state variable of the “Difference Error”. The Roodasht main
irrigation canal is selected as the case study of the research, due to special hydraulic conditions
of this canal, including consequent water shortages periods as well as inflow fluctuation at the
canal head-gate. Accordingly, a wide range of operational scenarios is chosen based on the
practical operational information. Then, the performance of the designed MPC controller with
and without employing the operational strategy is evaluated by the equity indicator within the
operational conditions.

Results: The obtained results indicate that execution of the MPC controller is reasonable
enough to handle both of the regular and severe inflow fluctuations. The equity performance
indicator shows that MPC controller distributes irrigation water almost equitably under the
frequent and severe inflow fluctuations so that the corresponding values obtained 1.21 and 4.33
percent respectively. However, the results reveal that equitable water distribution has not
achieved when water shortages scenario has appeared. During the water shortages, MPC could
not be able to meet the equity objective. So, the water level difference operational strategy is
required to be employed by the MPC controller. According to the results, significant
improvement equal to 13 and 17 percent has been achieved in equity index after upgrading the
MPC controller with the strategy.

* Corresponding Author; Email: mehdi.hashemy@ut.ac.ir
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Conclusion: This study reveals the necessity of employing the operational strategy to improve
the performance of the controller within the severe operational conditions. The main advantages
upon upgrading the control systems with the operational policy, including the procedure used in
this study, has not imposed and extra charges to the control system. Therefore, getting the
advantages of the strategies is highly suggested to implement reasonable performances of the
system. The developed plan for this study is recommended for the operation of those irrigation
districts suffering from water scarcity. The strategy is capable of reasonably water distribution
in a systematic manner between the off-takes locating along the canal.

Keywords: Equitable distribution, Irrigation canal, Modernization, Operational management
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