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ABSTRACT 

The research reported in  th is  the s i s  d evelops s trategi e s  for 
apply ing self- tuning con trol theory to mu l t ivariable processes . 
Self- tuning control of  sc�lar  processes i s  now reasonably wel l 
establ i shed , and att�n tion i s  be i ng turned to the mul t iva riable 
problem , w i th its  a t tendant computat iona l burden to ove rcome , and 
add i t iona l cons iderat ions such as  interact ion and d e coupl i ng . 
This the s i s  sugges ts methods for deal i ng w i th these problems , and 
implements the controllers on one of the read i ly ava i lable desk­
top m ic rocomputer systems , provid ing a cheap yet effect ive 
contro l l er . 

The research  bu i l d s  on the work o f  C larke  and G awthrop [ 1 975 , 
1 979] on impl i c i t  c on tro l lers . The e xpl i c i t  schemes are d erived 
from con tro l lers d eveloped by We l l s tead and others [ 1 979 , ( a )  and 
( b )  J, 
[ 1 979 J 

u sing 
and 

the work on mu l t ivariable c ontrol lers by Bor i s son 
latt�rly Ko ivo [ 1 980] . The ful l  mu l t i  variable 

contro l l er  rel ies  on s tandard techn iques for pole  p lacement 
reported by Wolovi c h  [ 1 974 ] .  

The proposed contro llers remove interac tions between l oops , and 
other d i s turbances , and ensure that each l oop output  a t ta in s  the 
set-po int  requ i red for that loop .  In  part i cular ,  the expl i c i t  
pole-plac ing controller  requ i re s  a pole-plac ing calcu la t ion  for 
each loop , and  removes the i n te ra c t ions w i th a minimum-var iance-
l ike the resu l t ing c ontro l ler be ing modest  i n  
computat ional need s .  

A solut ion i s  a l so proposed for the ful l mu l t ivariable po l e­
placing problem , which al lows  a comparison to be made between the 
ful l  mul tivariable solut ion and the s impler  contro llers proposed . 
It is  found that the fu l l  mu l tivariable con trol ler  demands  more 
computat ion , but that the resu l t ing control may be no d i fferent 
from that a chieved w i th the s impler  contro ller .  
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The programs which  a re d escribed a re wri t ten in  Fortran , i n  the  
form of  subrout ines which  are d e s igned  for incorpora t ion i n to 
e x i s ting contro l program su i tes . A l ternat ively , they may be  run 
w i th a ded i ca ted superv i sory program to  hand le t iming , inpu t and  
ou tpu t ,  d i splay and s torage of  info rma t ion . The subrou tines  a re 
genera l  in  the i r  appl i c a t ion , and  the informat ion they need fo r 
any pa rt i cular process  may be establi shed interact ively us ing a n  
offl ine program . 

S imu lat ion resu l ts a re presented wh ich confirm the robus tness o f  
the pole  plac ing contro l ler , and i nd icate that the propose d  
techn iques may be used to  stab i l i se  and  con tro l  a w i d e  var i e ty o f  
processes; those which a re non-min imum phase , c erta in non- l inea r 
or  unstable processe s . On-l ine con t ro l  of  a comme rcial  heat  
exchanger process i s  reported , the p rocess be i ng s im i lar  to  
others which have been reported , thus provid i ng a po int  o f  
compari son o f  se lf- tun ing contro l  w ith o ther techn iques . The 
process is  mul t ivariabl e . Good contro l  is achieved , part i cu l a rly 
in  the face of perturbat i ons to the p rocess which resul t i n  
changes to the parameters o f  the mode l  d escribing the proce s s  
behaviour , cond i tions under which some o ther con t rol lers may n o t  
b e  su i table . 

Th is  research has contr ibu ted techn iques which may be appl i e d  
successfu l ly t o  mu l t ivariable  s e lf- tun ing cont rol . Effi c ient  
programs have been wri t ten which  implement the con tro l l e rs on a 
mi crocomputer . Sugge s t i ons for future work include the 
d evelopment of a program genera tor whic h  w i ll al low more compac t  
code  to be d eveloped , d ed i ca ted to a particular process , and  
which  w i l l  execute more qu ick ly . S tra tegies wh ich t·e tter enabl e  
s e lf- tuning cont rol lers to d ea l  w i th non-l inear processes  a re 
a lso of  interest . 
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NOTATION 

Bo l d fa ce l e t te r s  a re u sed  to  repre s e n t  polyno m i a l s ,  po lynomial 
matr i ces  or  matri ces. A polyno m i a l  i s  an express i on i n  the back­
ward s h i f t  operator  q- 1 • Thu s :  

a q-nA 
nA 

nA i s  d e f i n e d  t o  be the  o rd e r  o f  the  p o l yn o m i a l  A. Po lyno m i a l s 
ope rate on process variable s  so  tha t :  

y i s  o n l y  d e f i n e d  a t  d i s c r e t e  t i m e i n s tan t s ,  y ( t )  b e i ng t h e  
( s a m p l e d )  va l u e  o f  y a t  the  prese n t  t i m e . y ( t- 1 ) ,  y ( t - 2 )  . •  
represent values o f  y a t  prev i ous sam pl i ng i nstants. The sampl ing  
i n te�ya l  i s  not  expl i c i t ly s ta ted. The  dependence of  a polynom i al 
on q w i l l  be  om i t ted for brev i ty unless  ambi gu i ty resu l t s . 

A polynomia l  matri x may be represen ted equ iva lently by : 

B = B + B - 1  B -nB 0 1 q + • • • + nBq 

where tne Bi Bre m x p ma tri ces , or by : l �� � B1 2  :��J B 
Bm1 mp 

where the Bi j  a re scalar polynom ia ls  o f  order  nB . 

The  s c�f a r  quan t i ty A ( 1 ) i s  the  v a l u e  o f  polyno m i a l  A e v a l u a t e d  
w i th q = 1 . 

P r o c e s s e s  m ay b e  repre s e n t e d  i n  A u to R egress ive Movi ng Average 
(ARMA ) form by : 

Ay ( t )  = q- kBu ( t )  + q-kDv ( t )  + Ce ( t ) + d 

A ,  B ,  C a n d  D a r e  po l y n o m i a l s  ( o r  po l y n o m i a l  m a t r i c e s )  
repre sen t ing a s calar  (or a mul t i  vari able)  process. The process 
t i m e d e l ay k i s  e x p re s s e d  as a w ho l e  numbe r of sa mpl i ng 
i n terval s. y( t) i s  the process output ,  u ( t) the contro l l ed input, 
v( t)  a m easured d isturbance and e ( t) a w h i te no i se sequence. d i s• 
an o ffset .  

y(t \ t-k) is the predicted value of y at time t, given information up to 

and including time t-k. 
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k 
i , j , l , m , n  
A, B, C, D 
A1, A2, B1, C1 
A', B', D', A•, B• 
y ( t ) 
w ( t ) 
u ( t ) , u ' ( t ) 
v( t ) 
e ( t ) , e ' ( t ) , e" ( t ) 
d ,  d ' 
H,G,E 

S1 , S2 
P ,  P' , Q, Q', H, S 
L, Jl, B1 , B2 
� ( t ) , �;y; ( t ) , K 
X, 9, x ( t ) 
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Ao 

time d e l ay 
indices 
Process polynomial s/po lynomia l matrices 

Process  ou tput 
Process s8t-point 
Cont rolled inpu t 
Measured d i s turbanc e 
Whi te noise sequences 
Offse t  va lues 

C on t r o l l e r  po l y no m ia l s  
Hu ( t ) + Gy (T ) + Ew ( t ) = 0 
Mul t iva riable pole plac i ng polynomial 
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Po lynomials for se rvo c ontrol 
Gene ra l  po lynomia l s  

Scalar  quantities 
Gene ra l vec tors 
Polynomials spec i fying pol es for 
pol e  placement 
Obse rve r polynomia l 
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