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Abstract−− This paper presents a real-time im-

plementation of a multivariable predictive controller 
with constraints to regulate the downstream levels at 
the end of the pools in a four-pool open irrigation 
canal prototype. The objective of the controller is to 
maintain the downstream level at a constant target 
value despite inflow disturbances. The controller is 
designed using a “black box” identified linear model. 
The results show satisfactory closed-loop perform-
ances.  
Keywords−− Predictive control, automatic con-

trol, control applications, hydraulics, identification.  

I. INTRODUCTION 
In many countries open irrigation canals are used for the 
distribution of water in agriculture. In general the con-
trol structures on the canal are manually driven with 
poor efficiency results.  In our days, the best alternative 
to improve distribution efficiency and operation of irri-
gation canals is the use of automatic control structures. 
The main goal in canal operation is to supply the water 
flow rate to farmers in quantity and frequency.  

The present work is related to a real-time application 
of an automatic control in open irrigation canals. The 
automatization  of such systems is not simple, since: the 
dynamics of water through the canals are modeled  by 
nonlinear partial differential equations (Saint-Venant 
equations); they have a lot of inputs (typically gates) as 
well as outputs to be regulated (basically the levels); the 
dynamics of the water flow are characterized by delays 
between a control action and its effect on the levels 
along the canal,  and they are subject to disturbances, 
which are mainly due to water withdrawals or weather 
conditions. 
 A variety of methods have been proposed in order to 
deal with the problem of automatic control for canals. 
These works range from classical PI (Mareels et al., 
2005; Malaterre et al. 1998; Ruiz-Carmona et al., 1998) 
to advanced controllers handling partial differential 
equations (Chen and Georges, 2001) or nonlinearities 
(Dulhoste et al., 2004).  Model Predictive Control 
(MPC) strategy has also been considered by Rodellar et 
al. (1993) where a monovariable input/output model is 
used to design a predictive controller in order to control 
a single reach of canal. In Malaterre and Rodellar 

(1997) or Pages et al. Sau (1997), centralized multivari-
able controllers for canal automation are derived based 
on predictive control techniques. In Sawadogo et al. 
(1998) a decentralized predictive controller is devel-
oped. A recent and interesting work in MPC applied to 
irrigation canals is found in Wahlin (2004). In that work 
an MPC is tested in a Benchmark canal, the “ASCE 
Test canal 1” (Clemmens et al., 1998).  This canal is an 
eight-pool trapezoidal canal.  The model used to design 
the MPC is the model called the “integrator-delay” (ID) 
(Schuurmans et al., 1995).  The MPC designed is tested 
under scheduled and unscheduled flow rate. For the case 
of the scheduled flow variations, a feedforward control-
ler is also considered. In some tests realized in that pa-
per, the minimum gate movement of the control gate  is 
set to zero when the opening gate is less than a mini-
mum specified value.  The level performance is satisfac-
tory when the gate opening is not constrained, but it 
decreases when it is constrained.  

In all these works, the performance of the closed-
loop (canal/controller) is tested only in computer simu-
lation but not in any physical canal. As far as we know, 
no application of a predictive control to regulate some 
real irrigation canals or canal prototypes has been re-
ported so far1.  

In this paper we present the design and real-time 
implementation results of a  recent centralized Model 
Predictive Control algorithm (MPC) (Maciejowski, 
2002) for a four-pool open canal prototype  that takes 
into account operational constraints  (e.g. bounds in 
control actions and output variables) to regulate the 
downstream levels of each pool. The model used to de-
sign the MPC is a transfer matrix obtained by identifica-
tion. The control actions are calculated by an optimizer 
taking into account a cost function  where the future 
tracking error is considered together with the opera-
tional constraints (Maciejowski, 2002; Camacho and 
Bordons, 1999). Since the MPC technique is capable to 
handle system constraints and delays, as those existing 
in long canals, this work aims at evaluating the perfor-
mance obtained with this algorithm and at assessing the 
easiness/difficulty as well as the required equipment to 

                                                           
1 Various ideas and results on irrigation systems have however 

been very recently summarized in the nice overview of Mareels et al. 
(2005). 


