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1 Introduction

Optimization techniques have played a fundamental role in

designing automatic control systems for the most part of

the past half century. This dependence is ever more obvi-

ous in today’s wide-spread use of online optimization-based

control methods, such as Model Predictive Control (MPC)

[1]. The ability to capture process constraints and character-

ize comprehensive economic objective functions has made

MPC the industry standard for controlling complex systems.

However, the growing size and geographical spread of these

systems is reaching unprecedented levels, which makes

the traditional centralized control paradigm inefficient and

sometimes even infeasible. Cost-effective and reliable op-

eration of such systems requires a more pragmatic control

approach relying on distributed control techniques. These

methods strive for a division of the optimization task into

problems of smaller size, which involve only a subset of the

global variables in order to tackle the computational com-

plexity and respect operational constraints in a large-scale

optimal control problem. This is achieved by a trade-off be-

tween information exchange among local controllers and the

complexity of their local computations.

2 Distributed version of Han’s method

In order to address the challenges raised by distributed con-

trol using online optimization-based approaches, we have

recently developed a distributed version of Han’s parallel

method for convex optimization [2]. This method aims to

define local controllers for dynamically coupled subsystems

that share coupling constraints and minimize a separable ob-

jective function. Relying on the decomposition of the dual

optimization problem such that local problems have analyt-

ical solutions, the algorithm uses an iterative update proce-

dure that converges asymptotically to the global optimizer

of the primal problem. The solution approach allows each

controller to work in parallel and exchange information only

with a small number of other controllers. The control solu-

tion obtained in a distributed way converges to a globally op-

timal control sequence. Repeating the iterative solution pro-

cedure based on new measurements leads to a Distributed

Model Predictive Control (DMPC) approach.

3 DMPC of irrigation canals

In this paper we illustrate the application of the novel DMPC

approach on the control of a system of irrigation canals. Ir-

rigation channels are large systems, consisting of many in-

teracting components, and spanning vast geographical ar-

eas. For the most safe and efficient operation of these chan-

nels, maintaining the levels of the water flows close to pre-

specified reference values is crucial, both under normal op-

erating conditions as well as in extreme situations. Manipu-

lation of the water flows in irrigation channels is done using

devices such as pumps and gates.

The distributed optimization-based control approach is

demonstrated on theWest-M irrigation system [3] composed

of 8 canal reaches and on an artificial irrigation network in-

volving 34 reaches to illustrate the scalability of the method.

In both simulations, the control objective is to regulate wa-

ter levels at downstream ends of all reaches, with respect to

operational constraints including control input limitations,

upper and lower bounds and rates of change of the water

levels. The results confirm that the DMPC scheme obtains

asymptotic global optimality in a distributed way.
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