
C h a p t e r  V

SUMMARY

5.1 Conclusion and D iscussion

The problems and the h i s to r i c a l  backgound of a system id e n t i f ic a 
tio n  have been p resen ted  in  Chapter 1. The d iffe re n c e  of the  r e s u l ts  
ob tained  by u sing  the d is c re te  and the continuous c ro s s -c o rre la t io n  
methods has been shown in  S ection  2 .4 . The e rro r  due to  the d e riv a tiv e  
terms of the  system impulse response when the in pu t s ig n a l and the o u t
put s ig n a l are  c ro s s -c o rre la te d  by the d is c re te  method i s  le s s  than the 
e r ro r  from the same source when the c o r re la to r  i s  used. The c o r re la to r  
which perform s the continuous c ro s s -c o rre la t io n  method provides the 
c ro s s -c o r re la t io n  fu n c tio n  a t  d is c re te  time t  = At. Thus, the more 
sampling p o in ts  of the impulse response a re  re q u ire d , the longer period  
of the b .m .l .s .  must be used. The o rd in ary  d is c re te  c ro s s -c o rre la t io n  
method prov ides the  same numbe of the sampling p o in ts  as the c o r re la to r  
when the same b .m .l .s .  i s  used. The new method of c ro s s -c o rre la t io n  
technique p resen ted  in  S ection  2.5 provides more sampling p o in ts  fo r  
the  same b .m .l .s .  inpu t s ig n a l .  To o b ta in  the same number of sampling 
p o in ts ,  the o rd in ary  method needs the b .m .l .s .  of longer pe rio d  than 
the new method. As a r e s u l t ,  the  c ro s s -c o r re la t io n  time taken by the 
o rd inary  method i s  longer than the c ro s s -c o r re la t io n  time taken by the 
new method. This i s  shown by the r e s u l t s  of the computer programs in  
Appendix F and Appendix G. When the  new method i s  used , from Eqns. (74 ),
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(75 ), (76 ), and (77 ), the  value  of g(0) and the p o in ts  of the system 
impulse response concerning w ith  g(0) a re  a ffe c te d  by the e rro rs  due to 
the d .c .  o f f s e t  of the a u to c o rre la t io n  func tio n  and the  d .c . b ia s  in  
the in pu t s ig n a l .  Thus, the  o th e r p o in ts  which a re  no t included those 
e rro rs  a re  ob tained  w ith  more accu ra te  r e s u l t s .

The d i g i t a l  computer was used to  determ ine the system impulse 
response from the c ro s s -c o rre la t io n  fu n c tio n  obtained  by the c o r re la to r  
and reduce the e r r o r s .  Now, in  th is  re se a rc h , the d ig i t a l  computer is  
used to  perform  the  d is c re te  c ro s s -c o rre la t io n  o pera tion  from the seque
nces of the  ou tpu t s ig n a l and the in pu t s ig n a l. The system impulse 
response w ith  minimised e rro rs  i s  determ ined a t  the same tim e.

The examples of the computer programs a re  shown in  Chapter 4.
The computer models a re  (a) g ( t)  = e t s in  t  5 (b) g ( t)  = e t  , (c) 
g ( t)  = e t -e  , and (d) g ( t)  = e t'cos 2 t . A ll of them have the domi
nan t time co n stan t of one time u n i t .  T herefo re , the time period  of the 
b .m . l . s . ,  NAt, used as an inpu t s ig n a l must be equal to  or more than 5 
time u n i ts  and the  s te a d y -s ta te  o u tp u ts ig n a l s t a r t in g  a t  the time NAt 
i s  used to  c ro s s -c o r re la te  w ith  the  in pu t s ig n a l in  o rder to  keep the 
e r ro r  w ith in  1 p e rce n t.

I t  i s  seen from the r e s u l t s  ob tained  by the computer programs th a t  
the  e r ro rs  a re  about 1 percen t as expect. For the system which the  
va lues of the  time d e r iv a tiv e s  of the impulse response a re  high such as 
the model w ith  the  impulse response g ( t)  = e fc-e  10 , the  le s s  sampling
frequency of the  ou tpu t s ig n a l used in  the c ro s s -c o r r ° la t io n  o pera tion  
causes more e r ro r  in  the estim ated  impulse response. The accuracy in
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c a lc u la tin g  the e rro r  due to  the  d e r iv a tiv e  terms exp la ined  in  Appendix 
c  i s  in v e rse ly  p ro p o rtio n a l to  the  time space between the ad jacen t 
p o in ts  of the impulse response. Thus, the h igher the  va lues of the  time 
d e r iv a tiv e s  of the system impulse response a re , th e  more sampling p o in ts  
o t the ou tput s ig n a l need. As an example, fo r  g ( t)  = e t -e  10t and 
m = 1 in  program CHAINANl, the  e r ro r  ob tained  when N =127 i s  le s s  than 
the  e r ro r  ob tained  when N = 31.

The c o r re la t io n  tim es fo r  N = 31, m = 4 in  program CHAINANl and 
fo r  N = 63, m = 4 in  program CHAINAN2 are  le s s  than the c o r re la t io n  
tim es fo r N = 127, m = 1 and fo r  N = 255, m = 1 four tim es re s p e c tiv e ly . 
This shows how the new method gives an advantage over the o rd in ary  
d is c re te  c ro s s -c o rre la t io n  method.

5.2 Recommendations fo r  Future S tud ies

Through th i s  study , the c ro s s -c o rre la t io n  between a pseudo-random 
b inary  maximum len g th  sequence in pu t s ig n a l and the O' tp u t s ig n a l i s  
performed by using the  d i g i t a l  computer to  determ ine the impulse response 
of a l in e a r  system w ith  s in g le  in pu t and s in g le  o u tp u t. There a re  many 
in te re s te d  su b je c ts  to  be s tu d ied  in  the  s im ila r  manner as th i s  re se a rc h . 
The fu th e r  s tu d ie s  a re  suggested as fo llow s:
(a) The study in  the use of the  d i g i t a l  computer to  minimise the o th e r 

e r r o r s ,  such as the e r ro r  due to  th e  inpu t and the  ou tpu t t r a n s 
ducers , may be s tu d ied .

(b) The d is c re te  id e n t i f ic a t io n  methods s tu d ied  in  th is  re sea rch  may be 
app lied  to  the o n - lin e  hybrid  computer.



(c) The a p p lic a tio n s  of the  methods of id e n t i f ic a t io n  and m inim isation  
of e rro rs  described  in  th is  re sea rch  to  a tim e -v a ria n t l in e a r  sy s
tem, a l in e a r  system w ith  m u lti- in p u t and m u lti-o u tp u t, and a non
l in e a r  system may be s tu d ie d .
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