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a b s t r a c t

This paper applies a model predictive controller (MPC) to an automatic water canal with sensors and
actuators controlled by a PLC network (programmable logic controller), and supervised by a SCADA
system (supervisory control and data acquisition). This canal is composed by a set of distributed sub-
systems that control the water level in each canal pool, constrained by discharge gates (control
variables) and water off-takes (disturbances). All local controllers are available through an industrial
network managed by the SCADA system, where the centralized predictive controller runs.

In this paper a complete new platform connecting the SCADA supervisory system and the MATLAB
software (named SCADA–MATLAB platform) is built, in order to provide the usual SCADA systems with
the ability to handle complex control algorithms. The developed MPC-model presents a novelty in the
control of irrigation canals as it allows the use of industrial PLCs to implement high complex
controllers, through the new developed SCADA–MATLAB platform.

Experimental results demonstrate the reliability and effectiveness of the proposed strategy in
real-life typical situations, including gate malfunctioning and extreme water off-take conditions.

& 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Irrigation is the largest water user in the world, using up to
85% of the available water in developing countries (Plusquellec,
Burt, & Wolter, 1994). Irrigation canal automation can decisively
contribute to attain a necessary flexibility in water management.
In the last decades, the advances in modern computational
technology and industrial communication allow the combination
of unsteady open channel flow simulation models with real-time
control algorithms (Burt & Piao, 2004;, Clemmens, Bautista,
Whalin, & Strand, 2005). This approach has allowed significant
advances in the engineering of canal control and automation. The
present study follows this line of research.

The main goal in canal control for agricultural purposes is to
minimize the water waste when supplying water to farmers.
Since the off-takes are, in most cases, gravity fed, the requirement
of being able to supply water has traditionally been converted
into set-point regulation of water levels.

The design of a control strategy that is able to handle flexible
water delivery schedules while simultaneously dealing with the
overall water canal physical constraints, is of key importance in
order to reduce inefficiency and, consequently, water waste.

The available research on canal control algorithms can be
grouped into four main categories: heuristics, PID-type, optimal
and predictive (Malaterre, Rogers, & Schuurmans, 1998). Nowa-
days, most of the automated water canals are controlled with PI-
type decentralized controllers. Despite the resulting improvement
in comparison with manual canal operation, such decentralized
control is usually difficult to tune and can hardly cope with
physical constraints. However, mainly due to their robustness and
ease to implementation in the field, the classical PI-controllers are
still actual in canal control research mainly with the focus of
enhancing the tuning of the controller gains (Litrico, Malaterre,
Baume, Vion, & Ribot, 2007). A huge collection of this type of
controllers, as well as heuristic ones, can be found in the literature
(Guenova, Litrico, & Georges, 2004; Litrico, Fromion, Baume, &
Rijo, 2003;, Ooi & Weyer, 2008). Examples of optimal linear
controllers for water canals control can be found in (Malaterre,
1998; Weyer, 2003; Feliu-Battle, Perez, & Rodriguez, 2007).

Most of previously referred controllers propose decentralized
solutions that neither consider the multivariable nature of the
problem nor the natural and physical constraints of the system.
Besides, they often disregard water off-takes known in advance,
and only focusing on the downstream water level controls in each
pool. Fig. 1 explains the main nomenclature in the field of canal
control (upstream and downstream).

Considering the control of canals there are two main
approaches (Burt, 1987): upstream control (Fig. 2a) and down-
stream control (Fig. 2b), each referring to the location from which
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