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Abstract: Many control problems in process systems feature multi-objective optimization problems that involve several and 

often conflicting objective functions, such as economic profit and environmental concerns. In this paper, we consider a class of 

multi-objective model predictive control (MO-MPC) problems where nonlinear systems are subject to state and control 

constraints and multiple economic criteria are conflicting. Using the lexicographic optimization, we propose a prioritized 

MO-MPC scheme with guaranteed stability for economic optimization. At each sampling time, the MPC action is computed by 

solving a set of sequentially ordered single objective optimized control problems. Some sufficient conditions are established to 

ensure recursive feasibility and asymptotic stability of the MO-MPC in the context of economic criteria optimization. Two 

examples of multi-objective control of a coupled-tank system and a free-radical polymerization process are exploited to illustrate 

the effectiveness of the proposed MPC scheme and to evaluate the performance by some comparison experiments. 
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1 Introduction 

Model predictive control (MPC) has been a well accepted 

feedback control technique in process systems, especially in 

chemical processes [1-2]. In general, MPC actions are 

computed by minimizing a certain cost function and the 

obtained optimal inputs are then applied until the next 

sampling instant, where the procedure is repeated at 

subsequent times. One of the main advantages of MPC is the 

ability to tackle constraints and multiple-input-multiple- 

output (MIMO) systems and to naturally incorporate general 

(multiple) optimization criteria into the design of feedback 

controllers. Moreover, nonlinear MPC has the added 

advantage of being able to capture nonlinearities of complex 

plants and thus provides higher accuracy across a wide range 

of process systems [3].  

In many process control applications, various control 

objectives to be optimized frequently emerge, such as 

tracking, robustness, economic profits and environmental 

concerns [4-6], which are generally conflicting. Since the 

optimal values of conflicting objectives cannot be achieved 

simultaneously, one has to compute a tradeoff solution that 

best suits, a given sense, all the objective functions. Hence, 

in MPC the common approach used to tackle multi- 

objective optimization has been to weight the individual 

objectives such that a single cost function is constructed by 

summing those objective terms. However, the selection of a 

desired set of weights is not a trivial task since in general it is 

done by trial and error or via ad hoc approaches in order that 

more important objectives are given higher priority [6-7]. 

Although a weighted single cost function has resulted in a 

useful framework for theoretical analysis of MPC as well as 

successful industrial applications, it has been shown to be not 

a systematic manner to address the design tradeoffs among 

conflicting objectives [7-8]. 
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Solution of multi-objective optimization problems is not 

to find a unique locally optimal solution but to compute a set 

of non-inferior, non-dominated Pareto optimal solutions that 

satisfy the priorities of the multiple criteria as well as 

possible [5]. Hence, many efforts have been made to develop 

multi-objective MPC (MO-MPC) by taking use of various 

optimization tools. For example, [9] solved an MO-MPC 

problem for nonlinear systems by minimizing the maximum 

of a finite number of conflicting objectives. In [10], an 

MO-MPC scheme was formulated for linear systems, where 

an additional decision criterion was used to identify specific 

elements of the Pareto optimal set.  The concept of utopia 

points has been firstly employed to design MO-MPC for 

nonlinear systems in [8] and the corresponding theoretical 

results was established in [11]. Moreover, [12] extended the 

utopia MO-MPC in [8, 11] to cyclic process systems and in 

[13] we presented an alternative utopia MO-MPC with less 

computational burden for continuous time nonlinear systems. 

In principle, utopia MO-MPC online minimizes the distance 

of its cost vector to a vector of individually optimized 

steady-state objectives, i.e., the utopia point. Its main 

advantage is that the computed MPC law deals with tradeoffs 

among conflicting objectives automatically. Nevertheless, 

the utopia points are effected by the shape and scaling of the 

Pareto set and can not explicitly describe the preferences of a 

decision maker. 

In general, the various control objectives of systems do 

not have equal priorities [7]. Using lexicographic goal 

programming, Meadowcroft et al. in [14] presented a 

priority-driven framework to solve multi-objective control 

problems with different priorities. Within this framework, a 

modular multivariable controller was designed by solving a 

series of single static-objective problems in such manner that 

the highest priority objective is solved first and the next 

highest priority objective is then solved with an additional 

constraint that used to guarantee optimality of the higher 

priority objective. The priority-driven framework in [14] has 

been extended to solve MO-MPC problems with various 

priorities for linear systems [15-16] and nonlinear process 
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