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\ \ ' l r c r c  r r r  r \ , ; r r r r l  r r r  J  .
l h .  l ) r ) c . ( l r r c  o l  l l f o l i c  l l r r l  . l c r r . s  r ( l l r o ! l  i \  p | l i . J  ( ( )  r L t r r i  j ( , |  ( l t )  r L j

] l )  r r r r l r / . r r i i ) f l l r f r  o r  l i j I f l i ( ) n  l l r f f r ) i n l  r r J - l h c ( J j n i  r L r r r r c o t t l r c i . r r r : r a , . r r 1  r r , r , ) r r r L :
r r . , r J i , r (  b f  l r )  , r ( l

l I c  i r r i t i , r l  b r r r r ' p o i I r  o 1  t J r c : e  c L ) f l i r c i ( j n l \  i j  (  ] ( ) .  1 0 .  1 0 .  1 0 1 .  r r r r r l  r r r  u r r  u r r u , r
l l \ r , l  . r 1 ( l r  l !  ! t l )  h  1 r , r  l l l  c o r ' l i l c i r  n t r  t h c  f r ( ) r . r l L r f c  i r  l I p l i . L l  u r i | .  ( l i l l i r . I i  . r t f I
l r  r ! l h  r .  t , r . ! c r l c ( l  i l l  l i h l !  i r )

l : r l ' l ,  t l r :  l h ,  , ' | ' t i r r r u r  \ i | r L J , l  t h i f , t  , , r r l t l ' r r : r r r r l , r r r r r : r r i ' , r r r . , , U l f r ,  t .

I

.r. I
l
8.1\i
9 .55
6.9.15

l i l ,  ( - l )  r l r L i $ i  r r  L : , , n r l , i l l i : , r r  l , ( t r r r i r  t l r r  \ \ i i r l , i n r '  ( l l . c ( : ,  i , r r  L r ,  r r  r l r  r . L  L , : r l e r
t r i L l . , I \ , r r r I i r i i L , I I  \ i t l r  o p L i : r l i , , r J  r i i . l l r c i f I t s  ( ' l  l l 5 . a t ) t a _ 6 , ) l i . t l . . i r . r L r r . l  u r . : n , l , r n r
r L  r r o l  t l r L s t f ( ) . l l i f j . n l s ( 1 . 6 . 6 .  1 )  I l  i s  c l ( i r f  l h i r l  l l r c  o f r i I r i , , r r i  \ i r r r i n - - f l l i . 1  l r i r s
! , , , , 1  l r n ( | i 1 \  i i r  l h .  i n t c A i r l  ( { l  l l )  \ ! h . I  c o r n f l f c  t l r c n r  r r i r h  s r u  r l u r r l  S - l
i  . ,  i  .  :  L  r  r  r  :  r  r  L  i  i  ,  i  I  r  ( i )  |  )  c L l r r  l h i s  i n t . r  \  i t l  i s  t h .  i l l r p ( , ' l r  l  o | c  J i , i r )  1 1 , .  r i r i r ! .  { 0
I  I  I  t .  hee]Lrsc (Jl  (  f l  )  hcr.  fcprcsrnts t l r r  l r l l l  s i rnrf l inq l ' rcqLrcncr rL.r , t .  i r  r l  th is

.r lLL!nc\ rc i)r . r .nl . r  thr higl t .st  l r . ( l  .ncY l l t i l l  onc curr h.r  d. \ i ! r )r , i  i l j . r rr \ ,1.  l l l i . , r .
r , . r  l :Lsc ol  thc slnr l l i fg lh.orrnr con\ l fx inr( l

. \  l t 'L l  or, l . r  Cheblshcv I- l r l : .  \ \ i l i r  5urnc sfcci l lc l l ion \ \ 'u. j  c() j t \ i r l . f . r i  in
I r r ' \ i l ) L r s  s . c l i o r ) . ' l h i r l  o t l c r  t r r I s l o n i ] ; r l i o n  \ \ i r h  ( i f L i l ] l i , , ! ' i l  c o . l l l c i r r i l .  \  i l l  l . c  i L s c r l
i r t  oI i lcr  to ol) l l in Z- l l i rnc trensl i ' f  t i rncl ion. i I l  \ i r i l tc I foce. lur.  t Iut  c lr f j rs (ruL rn
Sjnr lsoI Lr.ur\ l i r  t rr t ion . ' lhc l icqLLencv rcs|( ins. ol  discf! , tc t i t lusl !_-f  lLrr t j ( ior \ ! i rs
ir i .srr)1.! l  in l lg ( j ) , . I )d 1i [  r11 oprinr izcd rot] l ic icnts sho\r i r )  r lb lc ( l ) .  l i  is c lc lr
l ionr Ihis l iqLrfc;  lhcrc is a si !ni l ic i ln l  inf fo\cmcnl in discrctt  l icqLrencr rcsporrscs.' lhcle 

is a vrr)  smaLl . f rol  bet\ \ 'een any o1-opt inr ized r( 'sponses and cont inuous
.5fr \nsc, i .c.  1or opt inr izcd coef l lc ienis ( l , l , , r , l ) .  t i re cLrtol t- l l .eqLrencl ibf  , : l i fcfcte

1i, :quencv rcsponsc *as about j j l2 l lz rv i th crror ei_.oi t t  0.11./0,  i t f ( !  for thc h.sr
ol l imired cocf ic icnrs, (  L05,:1.06,1.06, L0O. lhe cLrtoi i  f feoucncv is rboul 3-+r9.5i lz,



nith crrof aboLrt  0.01.+9i.  . \11 r l tc.c . . r-r lJ t i . -qucncics for s iLurpl in!  i
tLboLn (.+.23) [7] .  Inc|cesi :ru Ll | :  r : l : :n ci t  l j l i in iurtc this cfror.

1hc Ir : \ ! rupi Ig l1i ] - . i  ! i  f - rr i f th ofJar trrnsiorntt l iou r . . r : .  :
, l l .  . . f . . r i  .  I  :  r .  t . :  . . , . r  . l , r r  -  1 , 1
I r f r c l l r i r c  o l  l l o o l .  r f , 1  . T i r ' , ! i  r . . l l . f J  l 9 l . ' l h c  c n u r  I i r n c t i r n  o J  :
l r i r r s [ o r r n r l i ( i n  i s  g i r  c l  i r r :

; :: / Jtl / dr.\l i:-

. r L l . ' .

: ,  r l t  l

i ( i . l l l . r 0  l !  o l  l o u r h  o r ( l r r  l t l | . :
\ i t l )  l c l l : L h  h  l i r r  L r l l  c o c l l l c i L r : r .

)_. ,

r d t r  l r i r D \ l i r r n r .  i  -

l -

I  2 , i5  :  t :
, . t i  :  l

louI l lF0

o J  c ( ) f  l l l

J

l .
I

i i l

Irlut* o
l l  v , l l t L (

'7

L t s
9 .'/ a
l).u

. ) .

, t j 1rl

2a
::.
. 2 5

l i l

( l l

7
l : i
2 . "

\ \ ' l t c r c  l r  l r , l r r . l  r r r  r r r
l hc  i r i t i r r l  b : r sc  po in

l { ) .  1 0 )  r l d  l l l s o  L r j c , l  i r
lcnr: ih ls short ' r r  in t lh lL

' l : r l ) l c  
( 3 ) :  I  h ( . , ) r ) t i t l

l s i ip
l L  f  , , 1  l i

l ,

i1.
0 .2  5

L  0 . l  . .

I r r g  ( ( r )  s l r o \ r s  l  r t ) | r I l f i 5 o n  h e l \ c e r r  l h c  r i r r r |  | , r  L .
l l i L r . . l o r r ) r l r o n  o I l r n r i r r ( l  c ( i c l l l c i $ r L : i .  I  r ( t  t .  ' )  S .  t  r . , r  ! .  -

o l  L l r f : r f  c r ) c l l j c i r I t s .  I  r  ( 1 . : l . a . l . l ) .  i  r ( l  c o n r I  C  ( h r : r  r f . ,  ,
l r r i ) s l i ) r L r r i r t i o |  ( l i r l c l r  c u f \ r  ( )  r L  )  | l r l .  o | 1 j  :  / . . 1
j i ! l r i j l r i U r l  l i l l . . r f j r \  i r l  i n t . r v r L l  ( ( l  I t l .  ! )  r L s  L l r c  5 t , j r t , r . L  . r  r  -
( 1 r 1 .  ( , ,  \ \ r r l ) i  S  c l l f , t  \ r  i l i  b r  r r r i r r i r r r L r n r . i l r L l  l L : r ; . r  r i : u : r  ,

, \  l "  r , r J c r  (  l ) c l , ) s h . v  l . l , t  .  * r i l r  : , r r r L .  s 1 , r .  . . .
L r t l r i , r r c L l  i n  l , r . r i o r L r  r r o : i r . 1 i ! ) r ) : r  i , ,  J , f . r . r r t . , i  l r . , r  l l i .  :
r , i l l  h .  r I t ) l j c d  t ( j  l r i r n 5 l i ) r r  r h e  e o r r r i r r u o r :  r r . L r r . . r
I r r r t . i r , i r  \ \ r l l r : , u r I ) c  I r L r f | c l r r r c  L r . , r L i  i I  S i r l l t , . , , r :  t : .
r i : j ) L ) r \ .  o l  ( l r i f r . t .  t r i | r i l r f  l L r r r c r i o  r j l l  b c  c L r l . L r l , L  . . j
( , 1  t t l b l r  ( l )  l h c s c  r e : p o t r s e s  h , l \ c  l , t t r r  L : l L u i l l e , t  i r  ] t  r' i l  r ' r u r . . .  . \ .  . . . . . . .  r . l  r \ . . .
o I t i l n i r c i l  c o c l l l c i r r t \  w i r h : , r n i r l l c s (  s l r l )  l c r ) S l l ) .  i r j  i . i r . :
i . r p o i r s c . t h .  c r L t o l l  l i . ( t u ( r r l  o l  d i s . : r c t c  l c : 1 , L r r r r c  r .  I
( : 1 , 7 . . 1 . 7 . 1 )  ' s  i r b o L L L  l , l ! l  l l z .  \ \ i L h  c r r o r  r b ( ) L L t  0 . 1 r ,  , r
c o c l l r r i . u t s ,  l i ) c  c u l o l l  l l . i l L L c n c \  i s  l 5 0 0  l l r .  i r n J  l l r r  r i i
.1 .  Clscs s tur ly :

l l . r  . .  J . 1 l  , .  t r .  . . ,  l  .  )  r .  r . . \ .  . .
f la l i l . l l ion 1\\o 1\. fc ol  SC l i l r r fs i r l  d i t l . rcnl  l i r , l r i l l r ,  .
. l -  t  sc  L l ' l :

l | ) ! ] l i 5 s c c t i 0 l l , l i ] - t , l i o 1 . 3 1 . o | d t . . C h c b 1 s h c r l . ' l . :
. rnd 0.5db p.rssban. l  r i1-.plc.  N| ich is dcsigl l . l t  Lr j r j r r  : . : j  : .  -
r r  " .  . , . . .  r i t r  . l .  l 5 i  I n . .  r r |  r  r u . r r .  o . .  i r  ' . .  . ,
' " . r r : . :  r c . r r J r .  l r . , l . , / 1  t . , .  j ; . t c r .  n ,  j  t . . . :  :  . : . .
, r ' r J  r t . r ' t  c r ' . r l o  . o  t O r r  s c . r i o . t .  o i  :  : , , i  l r r  l \ f  . . .



luclor 17, are cnlcLr let .d l 'or cach scct ion. and then transfonn each s!-ct ion h. ln: i tcf

lurrcl ion to discfetc oir . ' .  l_hc cr lcLl l l ied coef j lc icnt ol  erch scct ioi ts thi t  atc I ics!-r tcJ
i .  fTl .  nl ief  usin! efpfo\ inr i t ion io ler l l t  thxt cun' t  r .x l i rL.d in SC, r l icr  this
l f | fo\ inr i ] t ior) .  the cl lscl l ( l ! '  src{ ions rrc r ' te l izcr l  bl  SC tcchniqLtc, thc l rcqLr.  rr$
f frp(rnsc o1' t I i \  c l l . ic l ( lc l i l tef  i \  cr lcuhlrLl  I i r r  di l lcrcnt s lntnl iJ l !  f r .cqLr.ncj ! ,s l rs
rh,r*n in f ig:  ( t ) .  l -hc l rcr;Lrcncl  rcspons! jD pisib]nd and str) lblnr l  is i l l rL tr l r l .d i I  t l r l
{ 8 r 1 .  I } r s s h r n d  f | c q  c n c v  r c s p o n s c  i s  s h o $ r r  i I  l i g  ( R b )  l h r r  s l r o \ s  r t r i ' t r r . q , , c f u r
rc.rponsc in prsshunci c|r l r rgct l  r i .w l rroir)  l ig ( l tb) rhc curoJl  l lcqLrcnr) \ !h.n
l : s . . 2 0 \ 1 l l z  i s  r b o L r l  t l . 5 l 5 l \ ' { J I l )  r r ) ( l  j o r  s l  r c  s a m p l i n q  l i c q L r c n r : r ' .  i (  i s  t L t r o L r l
( 1 . 1 5 \ l l l z )  l i r f  b i l  n c r r r  l i r n \ l l ) f n r r t i o n  r r ) ( l  l l r o U t  ( l . l \ l t t Z )  l i ) j  L r : j n : :  l r ' . \ \ r f t ) r . d
lr i l incur transl i r Inr l t ion. lhc prur:r ' rnr crn cl lc!Lr l r  th.  c i t l ) l r i t (Jr v l l !c J i j r  rr . l r
rr i i l i r )  iL] l ! l  l i r f  f rch sirnr l ) l ins l lcqLrcfc\ ' .
J  L  S (  B I ' t , :

, \  l l l ) l :  o l  4  r , r r I r .  c l r L i N r h c r . t \ f f .  w i l ] r  c t n j c I  l r c q r r c n c \  i  t N T | I , , .  r r r r r l
t r iN.r l )r t | r ( t  f i tJt , lc 0.5 r lh $lr ich. prcscntc( l  1o i l l r rr t l i r tc rhf  in lcrd(. Icnr l f | r l  f fo. .dLLl |  11)
r i r s r s r r  S (  l i l t c I  N i t h  i r t ) | r o r i  r i r t i .  S i n ) | ! o o  1 l l r n s l i i f n l r t i o n .  I n  t h i r  c i r , r r .  r l v t r . ] . . r ) | ( j
o r r l c r  r c c t i o I s  l i l f  t h l l  p r . . , ( n r f ( l  i n  1 7 . 1 0 1 .  l f r  n c r d c d  r o  t h c  r c l l j , , 1 1 j ( i l l , , 1  l t r i \  i i l r e r .
l l r L r  I ) r , ) r . ( l u r c  i 5  s i r ) r i l r  l ( J  l h r r l  o | .  l i ) r  l . l , l  .  c r . r | l  l h c  : ; r c |  l 1 ) r l  J r f L l r L r . r r r \
r , , , n , r i , ) n r i r t i t J n  l o r  r o l r r r i r i i , . c L l  L I ' l r r o  I l l ) l : .  l r r r l  t h , i  o r l l r ' r  I l t , t  N i t l  l r .  ( t r ) r h t f L i  t h d
, ' r L l r r  ( r J  l l ' l  l l r r n  l 1 t , : r  l i r q r r c r r r . l  l r i i | ! l i i f n l r l i , i I | : r L c p .  l t r c : r r c n  o l  l l i l i r i , , i J r r  r l r c
I r ( , I I  r I ( ) I I I i I L | . r  t ) l  ( l f I o r r i n i r l o r  i l n ( l  L r 1 1 ) ! I 1 l t o f .  I n  t l ) .  l \ r o  r e r l i t ) | s  ( r l  j ] , , .  o r r J r r  l r l r , , r : .  r h c

l j 1 r l .  ( / c r i l  l l . r t L r f I f !  ! 1 .  ( ( )  )  r J r ( l  . ( l L r t L l i t \  l i r . t o r  . / . , ( r /  ) r f f  c i r l c L L i r ( c ( l  t i ) f  { . i r r t i

r f . l m l l .  1 i I r  l r i  r \ l i , r J l l  l l r c  l r i i | l : r l i r  l i L  c l i ( i n  o i  l h l ]  r n ( r  s c c l i ( ' n ! ,  t ( r  ( l  . r . r r t r  ( ] | c  L r  r :
r t r f r ( r \ i r n i r l I  S j r ) r ] r \ r i n  l f r t n \ J i ) r ' J  l l j o I  r j l l r  o ; j l i r n r L I  c o c l l l c i c I r \ .  f , i 1 h  u \ i 1 r , r  , ) J '
( ' l t L L i r l r l ) f !  ( h i r 1  : l r o r r r  i l )  l 7 l .  l l l c r  c o c l j r c i c r r r r  o t  l $ ' , : j f c l i r ) | . r , j j  r l r .  1 j l t . r  r t : r
f i r l . r L L i ( r ' l  u l l r . r '  r r . r i l ) r  l l i t i r ( i ) i i n r ] t i l ) n  l i )  r r r n r  . ; /  '  . l n r t  , 1  '  \ \ i l h  l . c i l
r p p r r r r i r I u l i o n .  t h .  l r c q l l . n f \ '  f c \ l ) ( j n j c  o J  L l j : c r c l c  t l l t r ' r  \ ( ] L L l l  b c  r : r l c  l r r t c , l  I n L l
t , l o l l f ( l .  l s  s l r o \ \ n  j n  l l ! t  ( ( ) )  l i [  r l i l l t r r r r t  s r r n r I l i r r q  J l f . t L L r  e j . \ . t i o I r  t l r i !  t j l , L : r r .  l ] r r
I  r  r  r  J  r  ,  L  \  \  L  r  t  I  I  r  i :  l l ) t ' r l 1  1 \ l l l r  l i r r  c o l r L i I L r o r r r  ' . r s f , r r ) . r f .  l l l .  1 i . r  r : c D c \ '  f f \ | ( ) n \ .  , , 1  . , ,
l i l l f r  \ \ i l l r  l : s  l { ) \ l l l r  l : r  s h o \ ] l  i r r  r r s | , ' r r : r . N o l l r .  u | L l  t h u  l J \ \ '  ( l ( ) r \  L ,  . r n ( l
v L r r r r  r r c r t r s i r r g  1 s  . 1 1 ) l \ 1 1 1 , , .  b u i  \ \  ( h  i L  r . \ | r )  I r  s j l l r i l . r f  l { ,  l l r i r l  ( J t  ( r I r l  L r f u s  f d c .
n i l l r  i L  r l i l l i ( r r c r  i r l \ ) L L t  f l  l J l .  o n l r .  i r r L I  * ! r L . l  i r c r . r ' l : t  I r s  S 0 \ J I I / .  l l r r  I t \ \
( l  r ) S \ 1 1 1 / .  \ j l h  l  L l i l i i r r ' r r L r  l c t :  r l r . u r  { l  l , l b .  , \ l ] , 1  \ l r  r  i I r r r r f i  r g  t :  l ( ) 0  N I  / .  t t r .
! L i l l i r e n r c  \ \ i r s  \ c r ]  s r l ] u l l  ( l r s s  0  0 5 L l b )

I  r o r r  i t l l  l h c \ r  f \ l n r t ) l c s .  i t  i s  c l c u r  l h r t l  i r t ) t r ( ) \ i n r i r i .  S i n r t \ o j r  I  I  I  L  I  I  !  I  i  )  |  I  I  I  r  I  I  i  (  ,  I  i  \ \  r ( l r
i , r : i r ) r r l  r i r l u ( .  ( ) t  c o r t l i c i ! J r t  i s  l ) c 1 l . r  l h r n  r l i  n r c r I o L l s  I r c ! . n r c r l  i r  ( l ] i r  \ \ o f i  i n
I  f . l rLrnc\ rcsl ton: j r  r)rcn slnrc slntpl inr '  l icqLrcncirs rr lc lstd ' lhcfcl i ) .c.  L)r .  crrr  r . ,e
:  r i , \ t J n  I r u r i i i ) f n l r t i o n  r v i t h  r L p p l o r i  r r r L n  / ' - {  /  ) i " , r t ,  , , p  n n l
r , , r l l i . . n l r  i n  l o \ \  s i l n t p l i | l !  l f c ( l u . n c \ ' .  i l n r l  ! . t  s x r ) r e  f f r i i r '  ) ] n c r  o f  b . t i f r .  l h . I  c o i
r \  r l l  l r r  reJtLc.! l  l .ccrnLse in Ltsiu,r  lo!r 'srulr l ing l lcqu. 'nc\.  sntr l l  chip urce is nrcd,.Ll
5.  Conc l r rs ion

. \ : r  ( i f l i n r i z l l i on  m( ] l hod . r l l cmr l i \ . 1o  p re * r r r ' 1 r i  g  t cch t ) i qL rc  \ r xs  f ( , \ c r j l ( ( L  l
l l r i ' r  l l l l . . t  to cl( ' tef lnina thc pi lmntctcl \ ' r lucs ol x cartr in transfornrrt iLrn sucl) as
Sr lrsrn, Ihi -u el l i rLri t l t  orr lcr translal l ]r i t t ions. the optintr l  Ve[tc-\ ha\c L\!-ct1
Ll.tcnrined usin! I lookc irnd Jce\es rnelhods: this icchuiqu. nrinimizes e gircn cr|or
brl\ce11 idexl prewull ing and thc pre\yarping r. ' lat ionship rcspons.-. \ \ 'hL\r t l tL,se
r)l)t inizcd coelf lcienls tre used , lhe resultant Z donlain transfer f i tncl ion rvi l l  hlr, ,c Lr
nriNinrlrm erfor betNeen tbe cdntinLrous lfansler ft lnction and discrctc transler



i I r rL /. ..)-N ,/dr.]!:,] r,Ll / J..<ll du

l i rnction. lhis is tfLrc 1_or i l l l  t frxslornretjon (Sintpsou,
i i l l l rs io f rx lLLlous) .  l l tcsr  t fcn j jont ix l io i rs  crn bc Lrs, :c  i i
L r n t i l  l l r J  N )  q r | ; s t  f i r t c .

Third. rn.l  fr i .r i lh orJri S,Z
\ ' c l \ '  I n \ \ .  s i r r r r J r l i I r 1  1L . . , lNc \

l l r .  I r o b l c l ] 1  i n  t i r ! s c  t r ] | . t b n r l r l i o n s  i s  t i u l  j t  c i r r ' l  b f  i j u F l c r ) r . I l . r i  i |  : , (  l i ) J I r :
( l rarulore. i , t  i l i r l ro\- in ' r l iox,)ciho! l  lof  Sinrpsol l  t f lNslof l t rr l i .n \ . , t ! : .  pfr :r ' l f t l  ( t . lL
. l l ) l ) r ! i \  f ) t r ta thc Z "t  tcnl l  LLr iL rcal izablc tc lnl  

' lhc 
lot i r l  c i r I i rc i t ()r  rr ! ] i l  r  S( 1l i1.r  t .

, . l i r c c t l ' ,  I f o l x r r t i ( ) n , l  1 \ r  l h . : i . i r p l i l ) ! l  l l r q r r r n c r .  i l n ( . t \ o  r c  r ) o ' _ r ( i r . : r l  c l 1 r r 1  r ) l . t l r rj \ l O S  r l c n r c r ) t s  L r . 0 o r r r  ( i : , . i t l ! . r . 1  I . r  l r i g h  s . n r p l i r l s  l i c t * r r . c ] . .  I r . r r l ( i r .  t t r ,  [ , \ \ r : ,
s i i f r i r  r r i t  l f r r l L r c n c \  ( l : s )  l r r r :  t L r  l r c  c h o s c I  i n  o r ( l c f  l j | s t l \ .  1 0  \ u r i ! t \  l l r L  , i \ i t r L \ 1
( L r r r l l l L l )  r u t l  s . ' t o r r r l l y  r r i L i r  r c r r l r J  ( j  L h .  n ( j i ! f  a n ( l  l . l ( r ! 1 .  . , n . , , t  , , . , , .  , : , . , 1  l ,
i \ l (  )S ( l !  \ ' rc(. .

;1\ rr4oll ;rL4;Jt a-i,r" cl.o,- .'ls ,iit6t, S_Z !n 
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