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(The Interaction Problem) J=los allie ©

The SISO Plant:

.

T © g (s) —— g(s) .

r +




A General Multivariable Plant

Y (5)=G(s)U(s)

- / \ uy(s)

() 0 (s)
Y (5)= ,(S) _ _ U(s)= 5
' 04(8) 9p(8) 0 (8) U, (S)
Y1 (8). 04(8) 9,0) 95 (8)

G(s)=

_g|1(3) glz(s) glm(S)

« Square and Nonsqguare Multivariable Plants

4



« Case Study: A Two-Input Two-Output
Multivariable Plant

G(S):|:gll(5) 912(3)} 16)
0,1(S) 0,(S)
!
Y1(8) =Qu(S)i(6) +9p(S)uy(s)
Y,(S)=0,,(5)u,(s)+9,,(s)u,(s ) ‘
ey uz(s)

 INTERACTIONS

_____________________________________

0:6) *C} ~Y,(s)
0, (5)
..... 90—
....... - 4\5 .

______________________________________



 Interactions Analysis: Design two SISO
dynamical controllers to control the outputs.

ul(S) — gcl[rl(s) — yl(S)]

UZ(S) =Uc2 [FZ(S) — Y2(S)]
where r,(s),r,(s) are the reference inputs or the set points.

U

Consider the following two separate cases:

* One loop closed
* Both loops closed



* Only first loop closed: Second loop open and
Its Input kept constant, i.e. zero

Loop 1

rl(L’ > Y, (s)
> y,(s)
Then,
0,,(5)g.,(s) Any Change in the first set
yl(8)=1+1g1 (S)gl (S)rl(S) point will affect both the
HEe —> outputs under control (first
y, ()= 0,,(5)09..(S) r(s) output) and the output under

1+ 0.,(5)9..(S) ' no control (second output).



Both loop closed.:
Loop 1
PLANT
r.(s) é u (S)E DIRECT EFFECT E
. > P - -~ — Y .(s)
gcl(s) : \\ //i
£, (s) THC LS N
cO——{0.,(6) =i e
— - | |
4 | oo L I
| |
| - _MNOWECTEFECT _ _ _ ______ v

Assume that the plant is under tight control. A change is made in the first set
point. The following key observations are made:

* The Direct Effect: The first controller will get the first output to the
desired set point.

* The Indirect Effect: The first controller will disturb the second
output and the second controller attempts to reject its effects. But
changes in the second controller effects the first loop performance.
INTERACTION BETWEEN TWO CONTROL LOOPS! 8



Y1(S) = 911(3)u1(3)‘|' g1z(s)uz(3)
Y5(5) =0 (S)uy(S) + 05, (5 )U,(5) and,

ul(s) — gcl[rl(s) - yl(S)]
UZ(S) = 0.2 [rz(s)—yz(s)]

Gives,
(1+ 911(3)gc1(5))y1(3) +(912(5)gc2(3))y2(3) = (gll(s)gcl(s))rl(s) +(912(3)gc2(3))r2(5)
(921(S)gc1(s))y1(s) +(1+ gzz(s)gcz(s))yz(s) (921(3)gc1(5))r1(5) +(gzz(3)gcz(5))rz(s)

And finally, the closed loop transfer function matrix is
Y (s)=T (s)R(s), That is



y,(8) =t (S)r(s) +t,(S)ry(s)
Y2(S) :t21(s)rl(s) +t22(s)r2(s)

Where,

. gll(S)gcl(S)+gcl(S)gcg(S)(gll(S)gzz(S)—glz(s)g21(s))
t,(s)=

q(s)

_ 0,,(5)9.,(8)
t, ()= a(s)

— ng(S)gcl(S)
t,,(s)= 1)
t,(s) = gzz(S)gc2(5)+gc1(S)gC2(S)(gll(S)gzz(s)—glz(s)g21(s))
) a(s)

q(s) =(1+0,,(5)9::(5))(1+9,,(5)9,(5)) —01,(5) 9, (5) 91 (5) 9 (S)

10



« Key observations:

No Interactions, i.e. g,,(S) =9,,(s) =0, implies

d.,(8)g9.,(S) r(s), and y,(s) = 9,,(5)9,,(5) r,(s)

1+g11(s)gc1(s) 1+g22(5)gC2(S) i
Closed Loop Stability Condition!

y1(S):

Closed Loop Stability of the Interacting Plant is Determined by q(s)=0

Hence, separate loop tuning does not ensure the overall closed loop
stability of the multivariable plant.

Tune the controllers to ensure the overall closed loop stability of the
multivariable plant and the stability of the separate designs. Failure
tolerant multivariable plants.

Interactions effect the closed loop stability and performance of the
multivariable plant.

11



* Issues In the Analysis and Design of Multivariable

Control Systems:

= Multivariable system representation
= Multivariable Poles and Zeros
= Controllability and Observabllity
= State space realizations
= Multivariable system stability
= Multivariable system robustness analysis
= Control structure selection: Input-output selection
and Input-output pairing
= Control system design strategies:
Diagonal or Decentralized
Block Diagonal
Fully Centralized
= Control design methodology

12



* Multivariable Design Methodologies:

= State space methods

= Multivariable root loci approach

= Rosenbrock frequency response approach
= Pole placement methods

= Eigenstructure assignment

= Multivariable PI(D) controllers

= Multivariable system robustness analysis

= The classical robust control methods

= QFT

= Soft computing approaches

13



 Multivariable Control and Industrial Needs: The

Japanese Case Study

A quick look at the current situation and future
directions of control theory in Japanese industries.

Adopted from: "Future Needs for Control Theory in
Industry-Report of the Control Technology Survey in
Japanese Industry”, H. Takatsu, and T. Itoh, IEEE
Trans. On Control System Technology, Vol. 7., No. 3,
May 1999, pp 298-305

Problem formulation

14



TABLE 1
LisT OF INQUIRY ITEMS

Tﬁct site Controlled Process Project Design
Plant scale Process name Period Designing member
Respondent Position among total|Members of] Belonging
belonging system project department
Respondent’s [No. of same process [Payment Man power ratio
experience

Process scale Supporting tools {Quantitative analysis
Response time Utility of tools Selection reason
Process features How to get tools | Critical issucs
Control objectives Critical issues Emergent issues
Control features Supporting tools
Abstract of control
Control variables
Operation style
Adopted system
Plant update cycle

Tuning Maintenance Evaluation as to

development

Tuning duration

No. of engincers

Total investment

Man power

Who tuned ?

Maintcnance items

Retum period

Development
duration

"Test operation

Participated phase of]
maintenance engineers

investment cffects

Key of success

Result guaranteed
or not ?

No. of actual engineers
vs. investment

Running costs

Patents

Satisfaction

MNo. of desired enginecers
vs. investment

No. of operator's
interrupt

Publicity

Evaluation

Maintenance contracts

Variation

Key develop
-ment phasc

Qualitative merits

Running time

as to Control system

as to Control

Adaptation

Education

Supporting t.cchriiq_uc

Sensor issues

Running time in_three years

Information collection

Actuator issucs

Success reason

Future technology

Control issucs

Failure experience

Academy

Expectation to|Opecration issucs

Current status

Applied system

Reason adopted

Application issues

Future issues

Evaluation

15



TABLE I

RESPONDS
Industrics No. of response| Response rate Response rate (1989)]

Steel 19 61 55

Other metal but steel 8 32 47
Refinery 17 100 77
Petrochemical 21 100 44
Chemical 16 62 T (included above)
Fiber 6 26 T

Film 2 100 i

Food 2 22 44

Pulp and paper 12 52 21

Power plant 8 42 58
Nuclear power 1 20 f

Gas " 3 50 46

Water equipment 5 45 T (included above)
Exhaust equipment " 3 60 f

Cement and ceramic 6 22 11
Engineering 4 100 71
Semiconductor 3 12 2]

Heavy industry 3 50 71
Airplane & space ¥ 2 15 23
Automobile ¥ 3 75 !
[Others 6 2 2

Total 150 45% 40%

16



AFFILIATION OF RESPONDING PEOPLE

TABLE

III

5 years less

TABLE
EXPERIENCED YEARS OF RESPONDING PEOPLE

IV

Design | Production | Production | Equipment | Others

| management management '

1995 {6 (4%)|46 33%) | 32(23%) | 5(4%) | 46(33%) |17(13%)
43(28%) | 18(12% 69(45%) | 11(12%

5-9

10-14

15-19

10 (9%

16 (14%

36 (31%

20 (17%)

over 19 years
36 (29%

17



TABLE VI

CONTROL PROBLEMS

-

Interaction

1995

24%

Disturbance |Dead time} Changes {Noalinear| Unstable
22% 21% 14% 7% 5%

1989 16%

15% 23%

12%

| 10%

6% ]

18
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« An Example: The Stirred Tank Heater

F, T;

Loop 2 Loop 1
‘ e

« The Control Objectives:
- Level Control (Loop 1)
- Temperature Control (Loop 2)
« Control actions: Effluent flow rate and Steam flow rate.

 Changes in liquid level: Loop 1 compensate for the regulation error, which
disturbs the temperature. Loop 2 to compensate for disturbance.

« Changes in temperature: Loop 2 compensate for temperature tracking error.
Loop 1 not effected.

* One way or single direction interaction.

Steam

21



G(s) =

 Transfer function matrix:

011 (5)

| 921(5)

05, (8)

22
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