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Abstract

Model predictive control (MPC) has established itself as the most popular form of advanced multivariable control in the
chemical process industry. However, the benefits of this technology cannot be realized unless the controller can be operated
with desirable performance for an extended period of time. The objective of this work is to present an easy-to-use and
reliable tuning strategy that enables the control practitioner to maintain MPC at peak performance with minimal effort. A
novel analytical expression that computes the move suppression coefficients. guidelines to select the additional adjustable
parameters, and their demonstration in an overall tuning strategy are some of the significant contributions of this work. The
compact form for the analytical expression that computes the move suppression coefficients is derived as a function of a first
order plus dead time (FOPDT) model approximation of the process dynamics. With tuning parameters computed, MPC is
then implemented in the classical fashion using an internal model formulated from step response coefficients of the actual
process. Just as a FOPDT model approximation has proved a valuable tool in tuning rules such as Cohen-Coon, ITAE and
IAE for PID implementations, the tuning strategy presented here is significant because it ofters an analogous approach for
muitivariable MPC. © 1998 Published by Elsevier Science Lid.
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1. Introduction to operate DMC at peak performance with minimal
effort.
Tuning of unconstrained and constrained DMC

Over the past decade, model predictive control
for single-input single-output (SISO) and multivari-

(MPC) has become the dominant form of advanced

multivariable control in the process industry. Among
the different MPC formulations available in the mar-
ket today, Dynamic Matrix Control (DMC) [1,2] is
probably the most popular and represents the chemi-
cal process industry’s standard for MPC [3]. Because
of DMC’s immense popularity, this work focuses on
developing an easy-to-use and reliable tuning strat-
egy (Table 1) that will enable the control practitioner
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able systems has been addressed by an array of
researchers. In the past, systematic trial and error
tuning procedures have been proposed [1.4]
Marchetti et al. [5] presented a detailed sensitivity
analysis of adjustable parameters and their etfects on
DMC performance. The method of principal compo-
nent selection was presented by Maurath er al. [6] as
a method to compute an appropriate prediction hori-
zon and a move suppression coefficient [7]. To sim-
plify DMC tuning, Maurath er al. [8] also proposed
the *M = I’ controller configuration of DMC.

Other tuning strategies have concentrated on spe-
cific aspects such as tuning for stability [9-12],
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Table |
DMC tuning strategy

1. Approximate the process dynamics of all controller output-process variable pairs with first order plus dead time (FOPDT)
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models:

2. Select the sample time as close as possible to: 7= Min[Max(0.17,,.0.58, ). i=12, ... 8:j=12, ... R]
3. Compute the prediction horizon, P. and the model horizon, N. as the process settling time in samples (rounded to the next
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)
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4. Select the control horizon, M, as an integer (usually in the range 1 to 6).
5. Select the controlled variable weights, yf. Lo scale measurements to similar magnitudes.

6. Compute the move suppression coeflicients. A7: A7 = %Z'f, |

T

s 3 (M-1)
[yanVii(P_kll_ ;7 +2 -
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7. lmplement DMC using the traditional step response matrix of the actual process and the parameters computed in steps | to 6
sample time. T: control horizon (number of moves). M: prediction horizon (optimization horizon). P; controlled variable weights,
y,l: model horizon (process settling time in samples). N: move suppression coefficients, A7.

robustness [13.14] and performance [15-17]. Al-
though some of the above methods provide a com-
plete design for DMC, they also require fairly so-
phisticated analysis tools and an advanced knowl-
edge of control concepts for their implementation.
Hence. there still exists a need for easy-to-use tuning
strategies for DMC.

2. Background

The mathematical framework of DMC and the
plethora of tuning parameters it offers for adjusting
closed loop performance have been discussed exten-
sively by past researchers, e.g. Refs. [1.2,5.18.19].
Therefore, only a brief discussion of multivariable
DMC is given below.

2.1. Multivariable dvaamic matrix control

For a system with S controller outputs and R
process variables, the muitivariable DMC perfor-
mance objective (cost function) has the form [20]:

Min J = [e—AA@] I''T[e — AAR]
Au

+[Aau])' AA[AE] (1)

The closed form solution to Eq. (1) gives the uncon-
strained multivariable DMC control law:

Au=(A'T'TA+AA) A'T'Te (2)

Here, A is the multivariable dynamic matrix formed
from the unit step response coefficients of each
controller output-process variable pair. e is the vec-
tor of predicted errors for the R process variables
over the next P sampling instants (prediction hori-
zon). A% is the vector of controller output changes
for the .S controller outputs computed for the next M
sampling instants (control horizon). I''T" is the ma-
trix of controlled variable weights and A'A is the
matrix of move suppression coefficients.

A'A is a square diagonal matrix of dimensions
(M-SXM-S). The leading diagonal elements of
the ith (M X M) matrix block along the diagonal
A'A are A7, All off diagonal elements are zero.
Hence, in the multivariable DMC control law (Eq.
(2)), the move suppression coefficients that are added
to the leading diagonal of the system matrix,
(A'TTTA). are A7 (i=1.2. ..., $). Similarly, the
(PR X P R) matrix of controlled variable weights,
I’ T has the leading diagonal elements as y7 (j = 1,
2. .... R). Again. all off-diagonal elements are zero.

2.2. Adjustable parameters for tuning DMC

Over the past decade, detailed studies of the DMC
parameters have provided a wealth of information
about their qualitative effects on closed loop perfor-






