Lecture 1

Multivariable Control
Systems

All Karimpour
Associate Professor
Ferdowsi University of Mashhad

Dr. Ali Karimpour Feb 2022



Lecture 1

References

References

Multivariable Feedback Design, J M Maciejowski, Wesley,1989.

Multivariable Feedback Control, S. Skogestad, I. Postlethwalite,
Wiley,2005.

oo S de 5508 0o iz o piein b g Lo

2

Dr. Ali Karimpour Feb 2022



Lecture 1

Introduction

Topics to be covered include:

< Introduction

< Interaction

< Stability
< Analysis and design in multivariable systems

« Some examples of multivariable systems
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Introduction

What is multivariable control?
MIMO systems are considered as multivariable systems.

A General multivariable plant

Y (s)=G(s)U(s)

/ \ (5) |

RAS) i (s)
Y(s)= yz_@) ) v ) Uls)= _f
: &ls) &) - &,0) u,(s)
OL o %0 &0 - &0
216) &) - %,6).
Why they are different from SISO?
Since of interaction and design procedure. 4
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Interaction
G(S)={811(3) glz(s)i|
gn(s) gxn(s) uy(s)——] g4y 0 v,(s)
ﬂ + &1
e
."1(5)=g11(5)”1(5)+g12(3)”2(5) o €15 :
."2(5)=g:1(3)”1(5)+g22(5)”2(5) ,
En—(0 - V,(s)
Interaction
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Interaction
Interaction on a system
Loop 1
rl(s) ;CL/_ | gd(_g) lll(sz . gn _—.O—-i .1.1(3)
o . | & 21
This is Interaction. {
e l
r + s
= ‘Q_ > &..(5) +— €2 — V5 (s)

Loop 2
Direct effect: The first controller will get the first output ....
Indirect effect: The first controller will disturb the second output and ....
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Interaction

One way or single direction interaction (Neutralization process)

ACID

pH =13
|rI ﬂ-l# s

pH = 10 ACID
Pl
- Vo
pH =T
(32) -
Figure B.1: Neutralization process
d
el i —I_.Sy] l}—-h- L] L
g
g(s) 0
G(s)= 8
gy(s)g,(s)  gx(s)
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Interaction

One way or single direction interaction (Stirred tank heater)

Ste Sl =<0 Loopl.p
y, is the level of tank. G :[gH(S) ; }
y, is the temperature of tank. gx(s) gxp(s)
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Stability

n(s) _l u,(s)
gcl(s) .

v,(s)
> -~ &11 —;‘C: — As)=
=1 = {=BnG)EE)=g ()8, ()
182 + gn('g -)ggi(-s' )gcl(s)gd(S))
: + (81,(5)8.,(5) 85, (5)8.,(5))
&1 )
r(s)+ 15 u,(s) o ,\+ v )
— 82 . 22— - g,(5)g.,(s
‘i ! V)(s) =0
’.21(3) e g}lz)gcl(‘s)
¢ (S):gll('s')gc1(5)+gc1(5)gcz(S)(gu(S)gzz(S)—é’zz(S)gzl(S-)) (s)
1 AG)
¢ (S,):gzz(-s')gcz(s)+gc1(5)gcz(s)(gn(s)gzz(s)—312(5')gn(‘))
n\ AG)

For stability analysis (BIBO) in the case of no interaction (g12(s)=921(s)=0) check:
1+g4(s)g.4(s) =0 and 1+g,,(s)g,(s) =0

For stability analysis (BIBO) with interaction check: A5=ip 11
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Analysis and design in multivariable systems

Analysis of Multivariable Systems
Multivariable system representation
Multivariable poles and zeros
Controllability and observability
State space realization
Multivariable system stability
Multivariable system robustness analysis

Control structure design _
Diagonal or decentralized

Control system design strategy —  Bjock diagonal

_ Fully centralized 13
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Control system design strategy

Diagonal
or
decentralized

Block diagonal

Fully centralized

Gov

Gov

O O O O O *

*

*

o O o o

*

o O O O

*

*

o O o o

o *x O

o O
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*

Lecture 1

A multi machine power system

14
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Analysis and design in multivariable systems

Multivariable Design Methodologies

State space methods

Multivariable root loci approach

Rosenbrock frequency response approach or Robust approaches
Pole placement methods

Eigenstructure assignment

Multivariable PID controllers

The classical robust control methods

QFT

Soft computing approach
15
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Some examples of multivariable systems

A 3 inputs / 3 outputs chemical process

_— T Uo Gas ontHow

Lo Pressure f;_l?:] >

¢ us —Heating
yy —Level Huid inflow

]IIHUH'

s — lemperature

1

uqy —Hnid outHow

o

17
Dr. Ali Karimpour Feb 2022



Lecture 1

Some examples of multivariable systems

1—‘}’1

1—vs A; -Cross sectional area of the tank (m’)

Pump 1

Tank 3

Tank 1

Tank 4

Tank 2

a; -Cross sectional area of the outlet hole (m?)
h;- Water level (m)
k; -valve coefficient

—L=—1 [2gh +—3 ,/”9.11 +—'\
dt A :

dh, -a, a, {’l\

y. =y, =1 Nointeraction.

v, =y, =0 Nointeraction!?
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Some examples of multivariable systems

Example 1-1: Consider following two input two output system.

..--r"""r._——_'—‘____'_h"“'h-..
Inflow u; pH *
]I][iu W U pH +
4 ifa I.i "'»'I'I
"'l--._,___‘_‘_‘_ _._‘____,..--"'
ah Output pH

G(s) =

[ —2.17

85s +1
1

2.13 |

85s+1
1

1 175s+1 175s+1.

Try a PI controller for g4,

Try a Pl controller for g,,

G.(s)=

[ —5s - 02

s
0

8s+0.1

S
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Some examples of multivariable systems

e 2 : : :
InHow wu, pHﬁ‘ 15 A ﬂ """"""""""" n
L = 1k----- Jﬁk : 'V_ E e
[nflow u, PH ¢ 05k y __________________________________ |
‘ . 0 | | i | |
Y2 Level 0 200 400 B00 s00 1000 1200
Time
15 : : :
L Rl SORCECEEEEE bone e ; -o-o
—~— ] T R -
i 4 . o -
> 05 | | i | |
4y — Output pH 0 200 400 BO0 200 1000 1200

Tirme

Exercise 1-1: Derive Matlab code for above figure(m-file).

Exercise 1-2: Derive an MIMO example by yourself and explain it
and do the same procedure as Example 1-1. (m-file is necessa
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Exercises

1-1 Mentioned in the lecture.

1-2 Mentioned In the lecture.

1-3 Derive a linear state space model for guadruple tank process.
Let A,=A,=A;=A,=1 and h,=0.5, h,=0.6, h,=h,=0.4

1-4 Derive transfer function model for quadruple tank process
around the linearized model.
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