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MRAGPC Control of MIMO Processes with
Input Constraints and Disturbance

A. S. Osunleke, N\. Deng and +. Yanot

Abstract— This paper proposes the design of Multivariable
Robust  Anti-windup  Generalized Predictive  Control
(MRAGPC) scheme for multivariable processes with iput
constraints and disturbances. The proposed schemenbodies
both the optimal attributes of continuous-time antiwindup
generalized predictive control and the robust featte of
operator-based theoretic approach. As a result, atengly
robust stable feedback control system with disturbace
rejection feature and output-reference input trackng is
achieved.

Index Terms— anti-windup, input constraints and

disturbance, robust predictive control, MIMO systens.

|. INTRODUCTION

Predictive control strategy has been a centsdaiech focus
in recent times[1]-[5]. The main objective of a adlie control
scheme is believed to guarantee stability of thetroded
system, minimize the influence of disturbances,sesi
perturbations, track the output to the desired camdrinput
and generally optimize the control performanceptactice,
control systems have to deal with disturbanced|dfirds,
such as stepwise load disturbances, high frequsesor or
thermal noise. In adaptive control, although theertined
control scheme may have a good setpoint trackisgamese
and disturbance rejection, these disturbances iwayrige to
wrong parameter estimates and thus results in batta
performance or worst still an unstable system.

The new proposed structure under the generalszhse
of Predictive Control is known as Multivariable Rusi
Anti-windup Generalized Predictive Control (MRAGP@)
is so named because it shares the attributes of ®R&and
operator based theoretic design for non-linear esyst

Though operator-based theoretic approach has bsed u

widely for control of non-linear systems the idesavneell can
be extended to linear systems since control enggrfge it
easier working with linearized model than its norear
form. So if a linearized model of a system can btined

about some operating point, then optimal robusttrobn

design can be achieved by chosen a control strateaty
satisfies both control optimal performance and sbhess.

Whereas MCAGPC design satisfies the optimal design
criteria, the operator-based method is good forusbb
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performance design. As for the proposed MRAGPIS libth
optimal as well as robust.

This work proposes a design procedure for Multatale
Continuous-time Generalized Predictive Control $gstem
with both input constraints and disturbances. Trappsed
MRAGPC design procedure entails firstly, the camgion
of stable right coprime factors of the controllegstems.
Secondly, anti-windup controllers are designedréalizing
a stable closed loop around process input-outjoyt INext is
the construction of Bezout identity operators fbtaining a
stable feedback closed loop system. This procedsrre
completed by the design of a tracking operator gisin
operator-based theoretic approach [6]. Based ois thi
procedure, the robust stability of the closed-lagptem in
the presence of input constraint and disturbareashieved.

In this design, effect of interactions between porents
of the MIMO systems is minimized by choosing appiate
MCAGPC parameters [1]. The effectiveness of thigppsed
scheme is confirmed by simulation of a real modetwm
inputs two outputs system with and without disturdz

II. PROBLEMSTATEMENT

The proposed linear multivariable system modeiverny
by [7].

A(s)Y(s) = B(s)U(s) + C(s)V(s) €y
whereY(s), U(s), V(s) arep x 1 output,p x 1 input and

p x 1 disturbance vectors respectiveB(s) is ap x q
polynomial matrix whileA(s) andC(s) arep x p diagonal
polynomial matrices. As before, the polynomial ritats
A(s) andB(s), A(s) andC(s) are coprime. The elements of
C(s) are with a degree of one less or equal to thahef
corresponding elements d&(s) and are chosen by the
designer. The model in (1) corresponds to a LeftriMa
Fraction Description (LMFD) described as

Py(s) = A7 (s)B(s) (2)
Equation (2) can be equivalently expressed as
Py(s) = Dy~ (s)No(s) 3

where Py(s) is the nominal multivariable planBq(s) and
No(s) are coprime factors ¢¥y(s) and are defined as

No(s) = 5-1(s)§(s)} @

Dy(s) = D7()A(s)

whereD(s) is a Hurwitz polynomial matrix with degree
equal to that ofi(s). The polynomial matriB(s) is the
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same a8(s) for a non-strict proper system,.(= 0), but for a R(s) = (Y(s) _ Q(S)N(s))_lK(s) )

strict proper systenp{. > 0), B(s) is given as
B(s) = f(s) + B(s) ) UG =X()+Q()D(s) (10)

and polynomial matrixf(s) in (5) is designed as V(s) =Y(s) —Q(s)N(s) (11)
f(s) = (8*s+1)Pr 6) whereQ(s)JRH,, is a design parameter matrix for ensuring a

strongly stable feedback controllers in the abawtia given

wherep,. is the relative order of the original system @nd by
any small positive constant such that all the ramftghe
polynomial (6s + 1)?r lie on the origin of the complex Q(s) = Uqg(s)™Un(s) (12)
plain. It can easily be established that &s> 0, the ) _
polynomial matrixB(s) = B(s). Equation (5) enables easyN(S), D(s) are the coprime factor representatiorDgf ' (s) .
computation of the proposed design scheme. Thamapti X(s), Y(s) ORH. are operators chosen to satisfy the Bezout
value ofé that gives good approximation of the model (5)dentity
can be achieved using [7].

The control inputu(t) is subject to the following

constraint. X(s)N(s) +Y(s)D(s) = 1I,, (13)
Uminj < W) < Umay ;G = 1,2, ..., D). (7) whereN(s) andD(s) are defined as
The constraint (3) is equivalently expressed as N(s) = Tc_l(s)ﬁ(s)} 14
D(s) =T, '(s)A(s) o
a(, (1))
u(t) =o(u,) = : g =[-8, X(s) andY(9) are as defined in the previous works [1], [4] as
o, (,(®))
_ X(s) = KcR, + KoC.(s)F(s) (15)
Wnax, j» ifV > Upgy, |
0']'(77) = v, ifumin, j SV S Upgy, j ® Y(s) = Ip + KeCe(S)G(S) (16)
Umin, jr ifv< Umin, j

T(9) is the closed-loop characteristic polynomial mafrik
whereu, is the ideal controller output vector. The objeetis  the control system in Figure 1 and is given by
to design as before a MCAGPC system using coprime
factorization and Youla-Kucera parameterization fbe T(s) = A(s) + K,L(s) + K,R,D(s) a7
above process.

whereKe, Ce, Re, G(s) andF(s) are given in [1].

. PROPOSEBCONTROLLERSDESIGN B. Robust Sability of Do'l (s) with Input Constraint.

The proposed design scheme for the MIMO systemidhe CAGPC part shown in Fig. 2 is non-linear witpect to
follows four steps as highlighted below. the effect of input constrainR*Dy(s) is the closed loop
A. Design of Stable Feedback MCGPC ControllersR(s), V transfer fun_ctlon_of the CAGPC.structure and ialways
() and U () with Input Constraint part (Fig.1). stable and invertible. Therefore, it can be sean tte plant

By adapting the MCGPC design method to the antidwin retains a robustcf and it is stable. Then, we can design a
design approach [3], [4], the proposed controlieigiven by hon-linear operatoS(s) to satisfy the following Bezout
Youla-Kucera parameterisation [5] as follows. Identity [4].

A EU

R($)Do(s) + S()No(s) = I, (18)

LOR U+ uy ()

=5

rey *

Figure 1. Proposed MIMO Control Structure
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Figure 2. Feedback Stability Design for the MIMGst&ym.
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C. Tracking Operator Design
Here a tracking operatdrl for reference signalv such
that plant output(t) tracks to the reference signdt) as
depicted in Fig. 3. Based on the proposed lemmaeoaf in
[6], operatoM(s) is designed to satisfy

No(s)(M()W(s) + R(s)A(s)) = I,W(s) (19)

At €U

r)EY Yy ey

u(t) €U
p Np |

Figure 3. Robust Tracking Structure for the MIMCstym.

D. Decoupling of the control system

In the proposed control scheme, the possibledntems
between different control loops are identified @ysut-input,
disturbance-input and input-output. In order to imize the
effect of these interactions, the following desgjeps are
proposed.
(i) Choosing larger value for control orders andgamaller
value for the maximum prediction horizons and/omgs
reference models for the output in the design Atep
(i) Design a decoupling matrip(s) such that each loop
does not affect the others. The elementGgfs) can be
selected in a number of ways to achieve optimadigodiple
control system. This is further investigated in thwure
works.

IV.  SIMULATION EXAMPLES
The process examples considered in this sectisimiglated
for both disturbance-free and disturbance systems.

A. Disturbance-free MCAGPC Control

The parameters of th2input 2-output systems is given in
Table 1 below.

ISBN:978-988-18210-2-7

Table 1. Simulation parameters for Disturbance-fentrol
Design.
System Parameters

Control Parameters

A11 =SZ+S+0.1
Ayy =52+ 0.55 +0.06

Ny, =10, N,, =10
Ny; =3, Ny, =3

B;; = —0.2s+10 rmy = 0.5, rm, = 0.5
Blz — 0'55 + 2 Unll = 0.75, Unzz = 0.75
By, = 0.1s + 1.2 Zl'l _ ZLZ — g )
By, = —0255 + 6 e
C11=C22=S+0.8 /11=/12=01
m=p=2 T,,=T,=0

T, =T, =6

Ud == Ip

B. Model with Disturbance

The process model considered for the system wigutin
disturbance is a similar second-order system witutbance
input given asA(t) = 20 singt. The process and control
parameters are as shown in Table 2.

Table 2. Simulation parameters for System withutnp
Disturbance.
System Parameters

Control Paramete

AL =s2+s+0.1 Ny, =12, Ny, = 12
Ay, =52 4055+ 0.06 | Nyy =3,Ny, =3
B;; =—-02s+10 ™y =1,rm, =1
By, = 0.55 + 2 Upi1 = 0.45, Uyy, = 045
By = 015 + 1.2 Uy =z =0
By, = —0.255 + 6 Uz = tizz = 0.1

Wy —10,W2 =2
C11=C22=S+0.8 ll=12=0-1
m=p=2 ;Lli?'zig
g=1 2,1_— 22 =

Ug =1,

IV. RESULTSAND DISCUSSIONS

Figs 4(a) and (b) show the control input beforesti@ints
while Figs 5(a) and (b) show the control input aftee
constraints are applied. The outputs from the cbitiputs
are displayed in Figs 6(a) and (b). It is appafesn these
results that our proposed control scheme trackghto
reference inputs and keeps the inputs within théditions of
the system for the case of disturbance-free modigue

Figs 7 through 9 show the step response of ther@on
inputs before constraints, after constraints arel disstem
outputs for case of process example 2 with inpastaints
and disturbance feature. In these results, it vsonis that our
proposed control design penalizes the control gerror
maintains the input limitations and also tracks dléput to
the command reference input. The sluggish naturéhef
output step response observed might be due ta¢isepce of
possible loop-to-loop interactions of the contrglstem
components. It is evidence from these results thate
coupling effects can be considerably minimized bgasing
appropriate MCAGPC design parameters.
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(b)

Figure 6. System Output Step Responses
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V.CONCLUSION

In this work, a design problem for MIMO system et

presence of input constraints with disturbances and
disturbances-free are considered. From the obtaiesadlts

of the simulations, the following conclusions cobkldrawn
with regards to the performance of the proposedrobn
scheme:

1)

2)

(1]

(2]

K]

[4]

(5]

6]

(7]

The proposed MRAGPC design scheme shows good
robust performance and tracks output to the command
reference input in the presence of input constsaémd
disturbance for the two cases considered.

The optimal feature of the proposed MRAGPC
contributes to decoupling of inter-loop interacdon
usually present in MIMO control problems. It wasal
noted that, the choice of MRAGPC design parameters
greatly influences the behavior of the control egstin
these two cases, a good choice of maximum predictio
horizons and or control orders is found to reduse t
coupling effects between the loops, whereas, using
reference model adversely affects the performantes
the system in both cases of disturbance and
disturbances-free.
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