
Chapter I

INTRODUCTION

1.1 The N ature of Problems

Many problems in  systems en g in ee rin g , p a r t ic u la r ly  those  a sso c ia te d  
w ith  c o n tro l system s, may be subdivided in to  four in te r r e la t e d  p a r t s 1:
(a) goal id e n t i f ic a t io n ;
(b) de term in ation  of p o s itio n  w ith  re sp ec t to  the goal;
(c) de term in ation  of environm ental fa c to rs  a f fe c t in g  the p a s t ,  p re se n t, 

and fu tu re , and consequent e stab lishm en t of a system model;
(d) de term ination  of a p o licy  in  accordance w ith  the goal d e f in i t io n  (a ) , 

knowledge of the c u rre n t s t a te  ( b ) , and system model and environment 
(c ) .

The system id e n t i f ic a t io n  i s  the th i r d  p a r t  of the above problem s. 
There a re  many conven tional methods used in  system id e n t i f ic a t io n  such 
as frequency response te s t in g ,  s tep  response te s t in g ,  re fe re n c e  model, 
c o r re la tio n  techn iq ue, and so on. The in te re s te d  method in  th i s  study 
is  c o r re la t io n  techn ique. This method i s  used to  e s tim a te  th e  system 
impulse response fu n c tio n . In the p a s t ,  the  continuous c ro s s -c o r r e la ­
tio n  method was performed by the c o r re la to r .  This may cause many e rro rs  
which a re  the  major problems in  the id e n t i f ic a t io n .  The d is c re te  c ro ss ­
c o rre la tio n  methods w ith  normal sample s iz e s  and w ith  in c re a s in g  sample 
s iz e s  a re  proposed to  overcome the problem s. These two methods w il l  be 
d iscussed  in  more d e ta i l s  in  Chapter 2 and Chapter 3.
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1.2 H is to r ic a l  Backgound

The c o r re la t io n  technique in  l in e a r  system id e n t i f ic a t io n  using  
w hite no ise  in pu t s ig n a l ,  ob tained  by o b serva tions of the normal oper­
a tio n a l d is tu rb a n c es , was proposed by many a u th o rs7 ,1 2 . L a te r , the 
pseudo-random s ig n a l which i s  s im ila r  to  those of w hite no ise  a re  used 
as the inpu t s ig n a l. The most popular pseudo-random s ig n a l i s  the  
pseudo-random b inary  maximum leng th  sequence (b .m .1 .ร . ) 3' 1*>6 ' 11’20' 21 
which have been used as an in pu t s ig n a l in  system id e n t i f ic a t io n  sin ce  
1955. Hughes16 (1962) and H az le rig g 11+1 15 (1965) p resen ted  the  d e sc rip ­
tio n  of the equipments developed to  genera te  the b .m .l .s .  and c ro ss ­
c o r re la te  the b .m .l .s .  inpu t and the ou tpu t s ig n a l. Most of the above 
au thors used the c o r re la to r  to  perform  the continuous method in  the 
d- te rm ination  of the c ro s s -c o rre la t io n  fu n c tio n . The d is c re te  method 
in  the id e n t i f ic a t io n  of a continuous l in e a r  system was proposed by 
Barker2 in  1969.

In  th is  re se a rc h , the  measured ou tpu t s ig n a l i s  sampled and then 
c ro s s -c o rre la te d  w ith  the  b .m .l .s .  in pu t s ig n a l by using  d i g i t a l  com­
p u te r to  determ ine the  impulse response of a l in e a r  system.

1.3 O utline  of Research

The o b je c tiv e  of th is  resea rch  i s  to  in tro d u ce  a new method of 
the d is c re te  c ro s s -c o r re la t io n  technique w ith  in c rea s in g  sample s iz e s  
in  l in e a r  system id e n t i f ic a t io n .  The c ro s s -c o r re la t io n  technique using 
a pseudo-random b inary  sequence in  system id e n t i f ic a t io n  i s  p resen ted  
in  Chapter 2. The comparison between the d is c re te  c ro s s -c o rre la t io n
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method and the  continuous c ro s s -c o rre la t io n  method is  a lso  d iscussed .
The e rro rs  and the technique to  reduce them a re  p resen ted  in  Chapter 3. 
The computer models are  s e t up in  Chapter 4 and the methods of id e n t i ­
f ic a t io n  and m inim isation  of e rro rs  a re  ap p lied  by using  the computer 
programs to  determ ine the impulse response of those  models. The d ig i t a l  
computer used in  th is  resea rch  i s  CDC 3600, 64k words core.
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