
C h a p t e r  IV

DIGITAL COMPUTER PROGRAMS FOR DETERMINATION OF THE IMPULSE RESPONSE

4.1 In tro d u c tio n

The d i g i t a l  computer programs have been w r it te n  in  b a s ic  FORTRAN 
IV to show how the  impulse response g ( t)  can be eva lua ted  by the methods 
explained in  Chapter 2 and Chapter 3. In th ese  programs, the models of 
the impulse responses a re  s e t  up, and the  time period  NAt of the b .m .l .s .  
inpu t s ig n a l i s  over f iv e  tim es the dominant time co n stan t of the impulse 
response. The s te a d y -s ta te  output s ig n a l y ( t)  which w il l  be used to  cor
r e l a t e  w ith  the  in pu t s ig n a l i s  ob tained  a f t e r  apply ing the b .m .l .s .
Input s ig n a l one complete p e rio d .

4.2 Convolution O peration

The subprogram CONV perform s the method of convolution  in te g ra l  
which i s  derived  in  Appendix D. This subprogram w il l  provide the in t e r 
m ediate value sequence of th e  s te a d y -s ta te  ou tput s ig n a l.

From Eqn. (D.8) in  Appendix D,' the  sequence of the ou tpu t s ig n a l 
a t d is c re te  time t  = iA t+ (l+ l/2 )A t/m  i s

i+ 1  / 2 1 +   ๆ 1 £ + 1/2 i + 1 1 \
y (14t+  m 4 t)  -  à 4 t f b  x (â 4t+ t a 4 t ) *( i l t * (80>

Thus, the sampled in pu t s ig n a l and the sampled impulse response 
a re  i l l u s t r a t e d  in  F ig . 8a and 8b re s p e c tiv e ly . The r e s u l t  of the 
ou tpu t s ig n a l y ( t )  ob tained  by the subprogram CONV i s  shown in  F ig. 8c.
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(a )  x ( t )

(b) g (t)

(c ) y ( t)

F ig . 8 S am pling  p o i n t s  o f  x ( t ) , g ( t )  and y ( t )  
u se d  in  th e  s u b r o u t in e  CONV.



32

The su b ro u tine  CONV has been w r itte n  in  b a s ic  FORTRAN IV and 
p resen ted  in  Appendix E.

4.3 C o rre la tio n  O peration

The subprogram CORR 5 p resen ted  in  Appendix E, i s  used to  eva lua te  
the c ro s s -c o rre la t io n  between the in pu t s ig n a l and the  output s ig n a l by 
d is c re te  method. The d is c re te  c ro s s -c o rre la t io n  a t  d is c re te  time 
t  = iAt+£At/m is

Thus, the in pu t s ig n a l and the ou tput s ig n a l app lied  to  th is  sub
program must be sampled as shown in  F ig. 9a and 9b. The sampled c ro ss
c o r re la t io n  0 ( t )  performed by subrou tine  CORR i s  i l l u s t r a t e d  in  F ig. 9cxy

4.4  Program CHAINANl

the e r ro r s  due to  the a u to c o rre la t io n  fu n c tio n  of the b .m .l .s .  inpu t s ig 
n a l are  considered . The e r ro r  due to  the d .c . o f f s e t  in  the a u to c o rre la 
tio n  fu n c tio n  i s  reduced by apply ing the methods exp la ined  in  Section  3.3 
The i t e r a t io n  method in  S ection  3 .4 i s  app lied  to  remove the e r ro r  due to 
the d e r iv a tiv e  terms of the impulse response. The procedure of the pro
gram CHAINANl i s  w r itte n  s tep  by s tep  as follow s ะ
(a) Read the number of s u b - in te rv a ls  m 5 time-bit in te rv a l  At 5 the accu

racy in  e s tim a tio n  the impulse response and the am plitude of the

1) (81)

The d i g i t a l  compi 'ไe r  models of the l in e a r  systems w ith  the impulse 
re sp o n se  g ( t)  = e and g ( t)  = e t -e  are  w r it te n  up. In  th is  program

b .m .l .s .  inpu t a.



33

(a)

(b) y ( t) , 1 < 1
\\

V \ \
ร

__
; 1 1 At I
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Fig. 9 Sampling p o in ts  of x ( t ) 5 y ( t)  and 0 ( t )
used in  the su b ro u tine  CORR.
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(b) Read the b .m .l .s .  whose two s ta te s  a re  +1 and 0, and m u ltip ly  the 
am plitude by a.

(c) G enerate the  corresponding b .m .l .s .  whose two s ta te s  a re  +a and -a .
(d) G enerate the  sequence of the system model impulse re  ponse a t  d is c re te  

time as shown in  F ig . 8b.
(e) From the su b ro u tin e  CONV 5 the s te a d y -s ta te  ou tput sequence i s  d e te r

mined by apply ing the b .m .l .s .  genera ted  in  s tep  (c) as an input 
s ig n a l to  th e  system model which the impulse response was generated 
in  Step ( d ) .

(f)  Use the su b ro u tine  CORR to  determ ine the d is c re te  c ro s s -c o rre la tio n  
between the s te a d y -s ta te  ou tput sequence and the b .m .l .s .  whose two 
s t a t e s  a re  +a and -a  fo r  the method of n o n -sh if tin g  the a u to c o rre la 
t io n  fu n c tio n  and between the s te a d y -s ta te  ou tput sequence and the 
b .m .l .s .  whose two s ta te s  a re  +a and 0 fo r  the method of s h if t in g  
the  a u to c o rre la t io n  fu n c tio n .

(g) Use the su b ro u tine  COREC , w r itte n  in  b a s ic  FORTRAN IV and shown in  
Appendix E, to  determ ine the  sequence of the impulse response from 
the  d is c re te  c ro s s -c o r re la t io n  fu n c tio n  and remove the e r ro r  due to  
the  d e r iv a tiv e  terms of the impulse response by the  method expla ined  
in  S ection  3 .4 .

(h) L is t  the d is c re te  tim e, the d is c re te  in pu t s ig n a l ,  the  d is c re te  ou t
put s ig n a l ,  the  d is c re te  impulse response of the system model, the 
estim ated  d is c re te  impulse response , and the e r ro r .

The program CHAINAN1 i s  w r it te n  in  b a s ic  FORTRAN IV and shown in
Appendix E. The r e s u l t s  of th is  program a re  p resen ted  in  Appendix F.
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4.5 Program CHAINAN2

The d i g i t a l  computer models of the l in e a r  systems w ith  the impulse 
responses g ( t)  = e t s in  t  5 g ( t)  = e t  , g ( t)  = e t -e  10t and g ( t)  = 
e t cos 2 t are  w r it te n  up. In  th is  program, the e r ro r s  due to  the auto
c o r re la t io n  fu n c tio n  of the b .m .l .s .  in pu t s ig n a l ,  the  e r ro r  due to the 
polynom ial d r i f t  in  the  ou tput s ig n a l and the  e r ro r  due to  the d .c . b ias  
in  the b .m .l .s .  in pu t s ig n a l a re  considered . The process which i s  p re 
sen ted  in  S ection  3 .5 i s  used to  reduce th ese  e r ro r s .

The procedure of the program CHÀINAN2 i s  described  step  by step  
as fo llow s:
(a) Read the number of s u b - in te rv a ls  m , t im e -b it in te rv a l  At , the accu

racy in  e s tim a tio n  of the impulse response and the Amplitude of the 
b .m .l .s .  in p u t a.

(b) Read the b .m .l .s .  whose two s ta te s  are  +1 and 0, and m u ltip ly  the 
am plitude by a.

(c) G enerate the corresponding b .m .l .s .  whose two s ta te s  are  +a and -a
and the d .c . b ia s  in to  i t .

(d) G enerate the sequence of the system model impulse response a t  d is c re te  
time as shown in  F ig. 8b.

(e) Find the s te a d y -s ta te  ou tpu t sequence from the su b ro u tin e  CONV.
(f)  Add the polynom ial d r i f t  in to  the ou tpu t sequence.
(g) Use the su b ro u tin e  DRIFT , w r itte n  in  b a s ic  FORTRAN IV and shown in  

Appendix E, to  f in d  the c o e f f ic ie n ts  of the polynom ial d r i f t  term s.
(h) Take the polynom ial d r i f t  terms out of the s te a d y -s ta te  output 

sequence.

I  I S ' S A W ' V
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( i )  Determine the d is c re te  c ro s s -c o rre la t io n  between the s te a d y -s ta te  
ou tpu t sequence and the b .m .l .s .  inpu t whose two s ta te s  are  +a and 
-a  by using  the su b ro u tine  CORR.

( j )  Use the  su b ro u tine  CORRECT 5 w r it te n  in  b a s ic  FORTRAN IV and shown 
in  Appendix E, to  determ ine the sequence of the impulse response 
from the d is c re te  c ro s s -c o rre la t io n  func tio n  and remove the e rro r  
due to  the  system s te a d y -s ta te  gain and the e r ro r  due to  the d e r i
v a tiv e  terms of the impulse response.

(k) L is t  the d is c re te  tim e, the d is c re te  in pu t s ig n a l ,  the d is c re te  
ou tput s ig n a l ,  the  d is c re te  impulse response of the system model, 
the  estim ated  d is c re te  impulse response, and the e r ro r .

The program CHAINAN2 i s  w r itte n  in  b a s ic  FORTRAN IV and shown in  
Appendix E. The r e s u l t s  of th is  program are  p resen ted  in  Appendix G.
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