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Optimal operation of a plant

 Governed by markets, 
contracts with clients and 
suppliers

 It is calculated what, when and 
how much to produce

 The work plan is calculated
 Cost function

 Operation limits
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Economic Plant
Planning & 
Scheduling

PLANT

Market

Cost functions
and constraints
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Optimal operation of a plant
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Economic Plant
Planning & Scheduling

Real Time Optimization

PLANT

Market

Cost functions and constraints

 Implementation in real time of
the scheduled work plan, taking
into account

 Operation limits

 Economic cost of the operation

 Model of the plant

 Estimated and reconciliated data
from the plant

 This calculates the economically
optimal operating point by
means of targets of certain
variables of the process

Economic targets
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Optimal operation of a plant
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Economic Plant Planning
& Scheduling

Real Time Optimization

Advanced Control

PLANT

Market

Cost functions and constraints

Economic targets

 The advanced control is aimed at
regulating the plant in the operating
point given by the RTO

 Taking into account the dynamics of
the plant

 Satisfying the hard constraints

 Minimizing the error w.r.t. the
economic targets

 This provides the setpoints to the
low-level control loops

 Predictive control is the most used
control technique
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Economic Plant
Planning & Scheduling

Real Time 
Optimization

Advanced Control

Low-level Control

PLANT

Market

Cost functions and constraints

Economic targets

Low-level set-points

Manipulable inputs

 Low-level control

 Simple control loops
based on PIDs

 The values of the
manipulable variables
(valve position, etc) are
applied.

Optimal operation of a plant
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Optimal operation of a plant
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Economic
Planning & Scheduling

Real Time Optimization

Advanced Control (MPC)

Low-level Control

PLANT

Market

Cost functions

and constraints

Economic set points

Low-level set-points

Manipulable inputs

Model Predictive Control (MPC)

is the most successful advanced

control technique

 Deal with constraints

 Performance optimization

 Stability by design

 Wide application field



D. Limón. Diseño estabilizante de controladores predictivos.

Problem statement
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Problem statement
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Lyapunov stability of constrained systems
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Comparison functions
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Lyapunov function
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Lyapunov function
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Model predictive control
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The optimal controller
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The optimal controller
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The optimal controller
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Stabilizing nominal MPC

Stabilizing
Terminal 

Ingredients
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Stabilizing nominal MPC
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Stabilizing nominal MPC
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Stabilizing nominal MPC
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Stabilizing nominal MPC
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Stabilizing nominal MPC
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Stabilizing nominal MPC
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Stabilizing nominal MPC
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Conditions for KLAS
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Stability with terminal equality constraint
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Stabilizing MPC without terminal constraint
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Stabilizing MPC without terminal constraint
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Prediction and control horizon
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Prediction and control horizon
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Local optimality
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Local optimality
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Illustrative example: CSTR
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 Objective: regulate the system to the MPC target



 The optimal predicted sequence is
computed

 Receding horizon
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Model Predictive Control
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Changing set-points
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 Market-driven production

 Production goals

 Cost functions

 Operation constraints

 Real Time Optimization

 Disturbances

 Estimation errors

 Model parameters

Frequent target changes
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Economic
Planning & 
Scheduling

Real Time 
Optimization

Advanced Control 
(MPC)

Low-level Control

PLANT

Market

Cost functions

and constraints

Economic set points

Low-level set-points

Manipulable inputs



D. Limón. Diseño estabilizante de controladores predictivos.

Stability issues

 Stability loss: 

 Redesign of the terminal conditions

 Feasibility loss:
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Initial state
Initial target

New target
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MPC for tracking
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MPC for regulation

MPC for tracking

(Limon et al 2008)
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MPC for tracking
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Example:

Consider the discrete time LTI system:

Subject to the following hard constraints:

Controller parameters:
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Consider the 
target steady 

state as a 
decision variable
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Adding a 
penalization term 

between the 
artificial steady 

state and the real 
one
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XN

Projx(
)
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MPC for tracking
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Offset cost function

Extended terminal constraint

Terminal cost function
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Stabilizing design
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Stability theorem
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 Stability for any change of the target
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Properties of the controller
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 Larger domain of attraction

CSTR

Properties of the controller

Equilibrium points

DoA of MPC for regulation (N=17)

DoA of MPC for tracking (N=2)

DoA of MPC for tracking (N=10)

DoA of MPC for tracking (N=17)
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 The solutions of MPC and MPC for tracking may differ (when
both are feasible)

 Reason: the artificial reference

 Then the local optimality property of MPC may be lost

 This can be solved by taking

60

Controller optimality
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Outline

 Stabilizing design of predictive controllers

 Robustness and robust design

 Set-point tracking predictive control

 Economic predictive control

 Conclusions
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Optimal operation of a plant
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Planning & Scheduling

Real Time Optimization

Advanced Control (MPC)

Low-level Control

PLANT

Market

Cost functions

and constraints

Economic set points

Low-level set-points

Manipulable inputs

Stationary plant model

Dynamic plant model
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Model Predictive Control

Steady-state target 
optimization

Model Predictive Control

MPC targets

Economic set points

Low-level set-points

Two layer MPC

 RTO disadvantages [Engell, 2007]

 Slow reaction to process variations

 Mismatches between the models of RTO and MPC

The RTO may provide inconsistent set points to the MPC
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Steady-state Target Optimization
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 Objective: regulate the system to the MPC target



 The optimal predicted sequence is
computed

 Receding horizon
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Model Predictive Control
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Economic optimization

 Economic optimization of the steady
operation (Economic set point)

 The transient control problem is posed
as a tracking control problem to the
MPC target
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Economic
Planning & Scheduling

Real Time Optimization

SSTO

Low-level Control

PLANT

Market

Cost functions

and constraints

Economic set points

Low-level set-points

Manipulable inputs

MPC

MPC targets

Is this the economically optimal
operation of the plant?
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Economic optimization

 Tracking control to the MPC target

 Economic operation of the plant
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The economic cost function

should be used to measure

the performance of the transient
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Integration of SSTO in the MPC
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Steady-state target 
optimization

Model Precitve Control

Set-points

Economic targets

Low-level set-points
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Economic MPC

 MPC for regulation to the setpoint

 Economic MPC

 The economic stage cost function is not positive definite

 Existing Lyapunov stability results can not be used

 Stability issues
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Economic MPC

70
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Economic MPC for changing targets
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 If the economic set point changes, feasibility may be lost 

 Motivation: guaranteed feasibility (MPC for tracking) + economic 
optimality (Economic MPC) 

 MPC problem:
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Properties
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Example: the double integrator

Double integrator

Cost functions:

Controller parameters:

Constraints:

73D. Limon, MPC for changing economic targets.
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Example: the double integrator
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 Economic optimality: 

 N=10

 Feasibility:

N = 3

E-MPCT vs. MPCT
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Inherent robustness
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Input-to-State Stability
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ISS for constrained systems
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Inherent robustness
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Inherent robustness
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Inherent robustness of MPC
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Illustrative example
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ISS of nominal MPC
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ISS of nominal MPC


