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Herr?. { s t i ) ,  it), Tj } is; s Xi7'--r.;iluc!d sttlt.~ prot:cs:s rcprcsc~~t i~lg  a. sisr~;il uT intcrr:st.. 1 t is 
nsiu~:it:d 1:i) I?!! sr;u;i.rc ii~ir~gr;~.blt:. '.(:ho initial ~tiit.c:? xg, is a. Br"- v;tlrled Ca1.1ssin11 r ;~~idorn 
ucc.ior on ( ! I ,  ?. P) wit.!! ir?c:i:! Kc,:, and cox7:iri~ac.e rnatrix I<;:. F~!rt.l~rrrfiorc:, A : 10.T) - 
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;),?11i -: ( i  1: t 5:; :Uz Ti 1 i5 ;I. st>;:.t~~.I;~r(i E."'-~idi~(!tj 13~(>\~11i ~ L I I  lnt)~it.):~ v;j.i;!t. i t ~ f : i ~ ~ i  xt;rc.> :LEI(.! 

~~v;>.riii.~i(.:f! 1111~il.i~ /I - F~""~.:n'.: ~v!it:~-e is s,~:II I~I(+I . I :~c i-lncl 1)!,5j;:i\:t: cic?fjii!i.;(il (;.'i : jil; Y'j - - +  
>; 27 - 

3 3 t :  D; : iO,Y'] - *;i x 7 ; t  .L- arc col&in~ious I~r;~c:i.ious. 
E:ii:l~ :-r::~lsr.~r rrl;~kc:s ;lli oi>scr.vai.ion i l l  !:l!c. .;t;>.t~ 1xor:t:ss !.b;.?L. i.: cnnt~;l~ni~i;r.tc.rl. l l q t  ~loiic. 

. . 
'Ihe 11is:i~ory (.)f ~?li:l! ot)srrvat.ir;n pr.oc.r~ssc:s 1s c!c:~~(.)~.t:d h:; j y ! . ~ )~O 5 .i: 5 t j .  'l.'hn tlr-it;t 
t:olleci;itii f;.n~;l the 4.1 sfristrrz. ;.tr.c: i 1 , 5 ~ ~ 1  i.o cc.siri~:,tc: rlic rt.o.ti. s. r!t, t,ir:.lo t .  'i.'Ij(.! l,~:sr! 
cstir~~:)i.t? of xi;) is Irc~o\t::l 2.5 k(tj. Si11r:c ): is rorriigte:ti i.)~! rloisc; thc hixi.f:~ry r~l!sc:r~.:c~rl 
is il~lc-r>l.t.aj?~. 1,el thc: histor:: !!f s!.~r.l; >: .pr.occss tlc: :lorloit:d by t.h{i srit;~.llest: ~.r--ic.lgl;tiix:., 
5; : :: G{'Y(s). ,~)  .... A::: .. .. c 5 I ) .  I-lr::r~c:e, the: r)i)ti~rl:tl int~:!r:.:~qli;i.rc cstirsiatc of i.11~ :;t:lrc: gi:vc.;i 
F,? i.li x( f j  : zrid t.hc n~;.s<)cl;.r.t.c:tl error ca~..ori;~~!.c:c is Pit , . ,.. '! '.Ch(:r~. Tor a $\?c:rl Q E J': :-I IP 

o;)iil-ria.l i ( f )  is ::iurn by thc f i ) l i . ~ ~ ~ ! g  i.hec)rcln-I. 'L'hc proc.)i c b f  tl~i.: tfic:<)rr:nl 1.11a.y I)(.: fc.,~:i~ri 
ill [Pi. - A 

Thcorem 2.1. E'er CO.(:?I ~ ( . . i ? , . ~ i ) : .  .cc~.L.( , ;TL~~: (j; E a>. L$i: r)f)t ir i i f l l  Ir;CG7l-.Sl??I.liIF e..$t;.ri:(~,f c (if  
tlrc sfc tr! x ( t j  i~ thc -~,r?-trjtie ~oiilti071, o j  t11e f<)L!o~ti'ng ..;.loclitzvi.bc ~JiJTcrc~~if.i/~l ~y?,,(rl,{o:~: 
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1'?7n;t,di d,i[fi>.l-r.?:.t ia! r : i ; , r r . f9on  

. . .  : .  "[ . ' l rc~  :j:),ji:(;t!~i: l!lllci:ic,rl i i i j  is !.lt:6;p1rci I.(., I I ~ ~ ~ I ~ I ~ I ~ K C  t.h": (!FtIl~l>ii !!III ( ' I T I ) ~  rivkr!~:;; ti)(. (,I)~!I.- 

:t!,iuii ( j f '  i,l~c! xy:st 1 2 ~ ~ : .  2 4 ( ~ i  6: :.i!;i.t! I..';<;I~.~!C;YI t (P) i:; 5.1. cji.%cl.(%(:>.. \:;ji II(!C! o[) t . i~~ii l i  C:<.>IJI .~(  r l  T) r~> \? l ( : . ~~~ .  
'111i: 111k:ir; (:k~:;,jk:si~;<:!. i u  s(:\P,:i:t~z . , F'rol:!1.:111 (T') i s  ?;b:15 -.I-,(: i:t)i~t.z,i d> i 5  (:(?~i>~.r$ii~e(l. :.[) $,:>,L;<: 
\ii1;1<;:: i:;~ :lit (li:i..~c?.c> ~ 2 1 :  { 1.: . . . , :I[?. Fit11:ti s.~:II.Yc::. ~;II<:(:III<* i? ~ : ~ . ~ i : i ~ j l ~ ~ t . ~ ! ~ ~ ~  ~: IL;~ .~~~LLI~I~:C:~:~ .  b~:; 
~ ~ f i > I : l f ! : i i ~ ~  ill<: ir:-tl:ltrs I I I  . . . 291) :hat  It ;I:;SIII.~I:~: ;:~i(j t.tl(: t i r r~(s  TvIL(::! jt :~:it.(.hr:s ~ L O I I I  

onc v:lli:c in {I . .  . . . d l  } to ;~r:t,t.l-~t::.. C.llc;,rly. i~rily ;! f i ~ i i ' i ~  r,:!s]bsr 1,: s-.vjtckl.t:s ;IT(? ;ii,!(: t i j  

I.),:: ii~.~jj)c:ri~cxlt.c?<i iri p!.;i.i:i,i<:~:~ > ~ i ~ c i  I I I ? I I : , ~ ~  /j i.? ;l: i:>iect?v:k+e i.<:>iisi.3tti. 51:.1~:ir,ri \vil[i  EI:~T.F: 
I I : L : I ~ ~ ) ( ! ~  r.:f $~,~~!it~(:kies. cjt!iel. \ p , ~ : . > ~ ] s !  ~ t j  scj]vc? ~ ' ~ < > ~ l ~ i ! ; : l  (p). v:~> i!~:(,(i k:o ~if.!.tc?rriii~ii: ~,<:I!::I 
: .~~:.;i:.ctl irla < . >  s:+q llc-~icr: ii ol7tinrnl. s~~~<tc:l!i:ig rims. .L )]I:$, 7,~,rf: :l-:!,r:sfc:)l-l:> 

].":.~iI>l(:!~i (I?) il11.0 a n  ecli.!i~nlcl~i: ai:c:i ~ i ) l ~ i : f : t t ~  for111 iu ilii: nc:-it sr;c:ii.~l!. 

l-?.<:?;.tll t I.!;;t; o:t]:{ CIIC ::<!:I::(I~ i t s  :~.(.:kir(! i d :  (:;icf~ t.i111c' ztltl t11:it ijhI:< :I. !inii.(+ I~I.II.I,~:)<?I: r)f.s\vii:cli<!$ 
:irP i'i!l:j'Kc(!. s ~ i ~ > ~ ) < . : ; % C  1 11~ii .  T*,V ;~!lc'>>.t,: ;I. ,Sc!iY%'Ol~ ~::h(;tiiI!c! !:, t:> +;%'it(:k :\,: tklll(:s !,i~lrillg [.fjc "- 
t:i>riv ]\r!:-i%i!~!. 1;' { V  ::.:: i,::. . .  . . . . . t:.,i .+.;] . 
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Problem (R.). t ' l ~ ~ o y e  v E 1' iinrl rr 5 C 1.0 ~!~inirnizc, 

Prtlhlcln (R), ;in (:q~~ivi?lent probir~n ri, P~-oh!crll (lt'), i.5 2 r r i iscr t l  cii.sc.~.c!t:r? t,p?.i!~~jzati!?r~ 
pral)lorn with t l ~ e  tiiscrc>tc vi~ri:~l,lc v ~-cy)rt?a:rlt.il:g 11145 slvitckiirig sc!c!lrc!ric:c? eild :.lit. 
c:ontir~l~oils varinblc? a r-t:~~rr:s;.c:nti~?;: tl~t? !i:l\c: It?rrgt.l~i of enr;!~ 11lcjtI2. U't? lwopnstl t30 i;ol.i.i~ 
J'rOblciti (R.j hy kirst. dt:r:onipc~sil~g i t  i n k  two l(n;cb. Note tlin: h.ir a. tii:.t:~I v F 1'. 
T-'ri~bkm (f1.j :c-ii;:ces to the  folIoc~.:il~g prc-)i:lerr:. 

Problem (R1 1. t.:ivi.::l v E i.': 5l:d 3 cr 2:. t.(j j:.ljnirllizc: 

-.rl!>jiy!t to (?)-iS! aild ~!~;!~itrl?ics (li))-(ll), whtlpil 5: j r :  r ! ! , ~ ~ ? . . n o ~ ~ ~ ( ~ ~ : ~  \ O  i:i~:!:tn.rlt. 
F'rublcr~l (rt, j is starttiard optixnai p;l.rarnctcr sclect.io~) prl)l>ltnli i r t  a r.;ir!o:~~ir;i,l in]-n~ 
~ ~ i t a . h l c  for t f~ci .  a1)131i(:3tit-~1~ of it t;t.;a~.idi>r,r:l alpl.itl-t~n ha.sccI on the c~:>~;tr.ol pal.n.mi:tr::.i- 
ZA! ,~OT~ ~(31!(::.c:pt.. b r  eac!~ gi\:eli v, ilia opiiimal \r:~lut? of go in (l:J) czrll I,(: tic:.,c:r.rr~irli.~.i 
t l~ i r~g  a11 ~!):.ii~li~.l ~011'11.01 s~\fi.mart?, S U C ~ I  as l\Il:SE.Ti:3.3 191: sir~cc tilt-: s\rit.chil~g >;i>,lll(:rl[:e is 
fkcd, Notc! chat in X~lIS12TC3.3, t,he c~pt:iruai pa.rameter ric1cc:tiou ~,~ci'l>lel-n is s~lvc-d lisillg 
:i sciiliient-in! quadrothi(:. p:-(jgi-a~nlu!:rig i.1lgori.t tun. The i;!>ci>fiti i?r(.?h!rrn in !.fie p~r?pc!scti 
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of -1. .:l.'iic S~:(~I( ,~IX:(!  v' i? ,I. glr7i,,d r!xi:~i3tria:~, ,,jF ,J if.' .J(v'.) 5: ./[v') rt.)r :dl v <:: P'. 1.1' 
. / jv"  1 .< . l ( y )  for a l l  v e? k' \ {vDj2 thcu v' i.3 :I .ytrdct ylobnl ti:;71i.rnl:cr oi  .I. 

- ; 0 i i I .  1 I i .  ! : 1 'I I:; :t cn,... , ~ ~ t . : ~ n b .  'I'lir: fii11~:t.ii3:1 
. . C:;,,,.,,,. ( i j  is ii. ciiscrc?:~ iilla-i Fti:~c:iol? n-hcn cr.rr;;ijl rfi~!(J!t!<i?~~ ~ 1 2 1  :hi: ~~nr;~~l)c. 'tc. ' ;s j~ : ~ ~ l d  

/? ;::-c snti-.ticicl. Hr?.rtr.r:. it kt:!.s i;lropc,rtici. (a)-((:) 7.~flrr1 t ! l c i ~ ~ .  c.c!~ltliric,r~:~ o ! ~  11 i%?lc! p a re  
~ n c : ~ .  N o t ~ c  :l>;!:t: t;i.lt' c!isc:c.:l::c fi1li:d fil::(:tir,ri i . ~  c:c~rlstriirti:ti host;t.i OI:. i l~c  L~llos~i.i!g ?k;c.o:.c>rr~r 

. ~ 

f ( : t ~ , l ~ t . i  it; 11 i .  3:. <ict:~i!i!ij ~ : c ~ ~ ~ v ~ : ~ - ~ y ; i ~ c c ~  iiti::lyyis rt>z [:his II I : :~ ! IO~~ l,.;);~ ij.!,q> ! ? t y S i l  givt.811 i ? ~  [!:$;, 

Dcfinitictn 4.4 Lr:t K 11i: i t  c:<>rit;j.i~ti!: s:.tr.isfyi~tg 
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" I  I I t i  r t  i : i i i  i 1 .  First.$.. l!ie 
~)ii,ri~~r;r;~(:rs of  ti,^(? (Iiscrt:i:.,- fi1!1:1j f~j::(:t.i<.;r: i n  ('1.5j ;IT:(,! i~iii.i;>lP,:~:!i :,<.) s~;il.;iI)lc.! \.;:1;1~5. 
7. 

$ : H ; X :  pzril~rlc~,t.<~rs \vili :)L: I.(.;~IIC t:d ,e;:~at111~1 iy i r ~  S!,q;s 5 :ir~i.l {i! i,o crlsirc t:!~;it. - 
. . 

t . ~ i !  : i s  I - '.!'lip rec1uciio:i 11tctor. nf c?i!cl~ l-t:rr::~~!<!tt~r is :~:j!.i 

spw-ific:ri ;I:, St.irp 1. 
Sc~:.:urirliy, :,ye cll~c.,oi.e ;I IL  iilit,i;ti sc:rl~ic~ncc: ill l , l~r :  fcs.,sil.:le rc;;io:l ant1 rr!i1lirriizt: I;h(: 

origi1.1itl f:l:i(:t.ii~!l .J. R<!r:iII ~1i;lt tilt mlue of .J is e u n ~ p i ~ i ~ d  u ~ i ~ l g  XiISl.2KY.3 nccorcling to 
tllc tii.;ci~ssiol~ iir tl~f: l,rr.\.io:~-; sr:c:tior~. ?'l;r, ol?jt?ct,ivc: fullc::ior~ v:~l~ir: at, r-:*(:\I sequence i n  
t:>hi: rlt.igl~l~or~l-hoot1 of v,, ia calc~ilattrl. 'l'fit. scarcIi dircctio~i leadiilg to tIie rliost. irnprove(.i 
!>l)jc.ci.i.:e ft~nctioil r:alne in :hi!: ncigl:~beurhood is c$c,scr~ ric:c:c!r(!ing rc) Algori(:!lrrl -4.l .  'L?!c 
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tllcsc gri:pl~s: ""I?; t,hc ii:,~ w ~ c t  sixt.h S P ~ X ~ Y L :  ;:I-c CVPT I I S L ' ~ :  ~ ~ h i l c  the c;tlii!r krlr :wc: 11oi. 

11ri1izt:ti in onj: optirnnl sij l i t l  iou. 
\JFr;! ;11i.o c.iX!ipd.?i: fllr: M!~~L.~(:)!IL; o\ft.;~ixie:rf !:c~I: xvjtli t.f!(.~~. r?l~tni,nc:d frorr~ t hc  otilcr 

tnet.hnrls pri,~.;oaetl i3  153 ii11d 17:. 'Jlicse rcsnli:~ a.re snn-r:l;isized in 'r:~.l.)l.c~ 2. Kclte c l t ;a  
tllc (:I-ror cst:i~iia.i:io~l t!lo,t we soughi. Is lu\ler i l l a n  19.6552. tb+i? optiirls~l s i ? l i~ t in~~  rc.!,o:?c-d 
in !7j, wilicil was c~i)tairlc:d usi~lg a t:ombinrrt,iol~ of a i)riirrc:b an6 bc;ul~d terbniq~~r .~  mii:ii ; I  

grzldic:~!t.-Lla.%c[l rnc:t,l~trtl. '[i.) the bost of allr kr~owfecigc:, fi,, = 0 is r~ser l  ii-I j7;. 50i.t: i11a.t 
11nn.-zci?:.a c:tloic~s of Po lczti to i:i:eil I~igiiilr objcct,ivc i.cili~c:s W~. ICI I  US,:(! ill c:or?j~~n~';io~: \\,ii;l: 
tile soliltictr~ i:~ f7]. 

-k si:iLsor ~ ~ i ~ ( ~ l o l i r l g  I.~ri~blel-n is ct,rlsic!emd in  this p:+.prr, It, w:~s fi~~.lrlr:\;tc<.d ;s.s 2 tiist:rf:re- 
winctl optima.1 contrt!l prol~lem ;:r.lci tlle:~ transforrneil i r ~ , c ,  a. rr l ixl t t l  rlifcretf: i ) p t . i ~ ~ ? i ~ : j t i ~ ) ~ ~  
pr~?)!etn. 'l?kie:;, it. dccompose<i i l l t i )  a hi-lecl-!I pn,blel~l. ~ c k v  tleuristic ;r~>pio.ilch, 
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Fig~rrr. 4: 0pt.imn.l Scnsor 0peint.ing Schcrne with /.is L= 101. 



NONLINC-AH DYNA'JrlCS AN[> SYS I t M S  THtORY. 10(2) I,ZU?U) 1;5-1,",8 1-87' 

Ilal l!u,rl io 17; wit.11 !I;  .:: 0 ! g.(i5.5:: 

h.l.;:ihotl i t 1  ;5' wit,:i 1:) -1- 101 ' .  I q ,  .)2,;;,;(j.-)c~ -.,. -- 
I1:opos(:(j ri~ci.lio:l wit.!~ I:j :. [ ! ) I  1 ; .  f, :,fj$.;- , I . I I  I 7- 

I:'! r~~.tci.ied ~:letl~tjil v.:ii 11 12: = (if 1 5 . ? 7 ~ ]  Jijl; 

i ' r i ipe~s~c i  nrc:f.lic:il s:ith f':, - / i$, :<.!{ j 71;:7,] 

i'rop(.~c;ciI n.~t.t.hb?d \\:it h I".; - O i ?.~li).I9G!)!l 
-. . .---- -- . -- 

[ l j  Ct;u;.~g; T.H..? C;i:pt.:*.: V . ,  l.lxi~ibi: l3., .1311rclicl:~ .J.: aii(J. l~ltjrr:~y, 11.3.1, Sclic-d~~lirlg for dis- 

Iri1)uiccl z+:lisc>r r:c>irvorks with sinci;le sertsccr rr~t:ri<li.rc;lriaid pc:- t i l ~ , ~  > : q i .  Ir l :  [.!SEE It:t.(:l- 

nojivc-a1 Cn~~!(:r{~tti.r: 077, hSof.ir:,? (6 A7ri.omnlimr, R'cw 01-lea:~. April 2i; .- k,f;iy I ,  ?O[>.l: 

167-.- 1.92 
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