
S(!])t 18, 1{)!1:,

$k’;IllTiII(lS  is ii s]):  1(:(:1  I(II II(: v:i]lcl  s(:it t(:I(IIII[.  t(’I to II(J fl(IVI II (III t II(’ s(w)lI(I  .I; I]): II I(H> A(l\~i II I(w(l

]$~i(lt)l  ()])s(] \fiitio]l Snt(]litt  (AI)IX)S  II) ill 19{)9, ATI i][l])()][{lllt  i]lt(]]liltio]lill  (’l(III (IIt Of

N A S A ’ s  lkItl I OIH:I vill[’,  Syst(III  (1;OS),  S(,i}\Vill(ls  is [III tI(lvt III((cl follow-c)]]” to tli(. N,ASA

S(.IItt(II  (II II(:t(I (N S(IA’J’)  (JII tll( iilst  AI)I;K)S ])l:ltf(l]lll. ll]llifi( ])l{:violls  ()])(’l:lti()llill  S]):l(”(}-

1)(1111(’  s(iItt(:lol  II(t(l syst(’ills, SCil\Vill(ls  (iIIJ)l(Iys :1 s(~l]lllillt’,  “})(ll(il-1)(:1111”  {Illt(llll:l  l:ltll(’1

{11:111 :1 “f:lll-lwllll” :Illtmllla, ]llnkillf~,  tlI(L i]lstlulll(ltt  11101( co]tl~m(t  ;II1(I yi(’l(liilf’,  [1,1  (’ot(~I

()( ’(:; :11  (:()\’(:]  {i[’,(!. ‘J’11(:  p,(mls  of’ tl)is ~ml)(] [II( tv;ofol(l.”  l’i]st,  tlI(  OW:IIII1  S(;i\Vill(ls  fllll((i(}]lal

(1(.:;i~,,ll  ;I]l(] ])~l(,,l{s(,  tit, t,(l  ]ll(}il\(l  l{,lll(llt  [1]1])10/1(’11 {11(’ (1(’, (-til)(xll  ;III(I  tlI(L 1(’lati\r(~  :l(i\’tlllt{lf’,(’s

of tl)(  }Ic)lcil-lw:tlll  tcc”lllli(lll(:  :11( otltlill((l. S(K(~II(l,  tlI(  ~Illi(!~l( :Is}x(ts of )11(’:IL~\ll(’III(lIt

:I((\ll;I(:y  ()])tillli7tlti()ll  :111(1  Si[,,il:ll  }llo((will~,, fol tlI( S(:t\~7ill(ls  illstl  LIIII(II1  :11( (Iis(llss((l.

A])])lyi)l{’,  tlI(, :( SII1{S  (If ;I $X’]):ll:lt(’  (olll]):illi(lll  ]I; I]I(I  [1 ]], :1 t(,(lllli(lll(, to si[,,]li{i(:llltly  illl-

])lo\T, 111( ’il SLll(’111(’Ilt  a(l:lllflcy  lIy lll(~(llll:itill[’,  tl](’  tl:lllslllit ])111<(. is (I(w.lil)(’(1. ‘1’1~1(1(,.ofls  t(I

()})tillli7(’  III(,  tl:lllslllit )ll(~(illl[ltioll  lmlldu’i(lt]l  [II( ])l(wllt(’(i.
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lry NS(~A’I’ [14] illt(j  III(: II(IXt C(I.IIt  IIIy. li((alls(  kII(n+rl(’(1{1,(’  of 11(:11-sill  (d(() winds (n’(LI t II(:

t)(.(:HII  is (’l itiml  fol t,l)c il}v(xt i~, atioll of lIIal Iy (1( ’( ’:lllo[’,li l])lli(” :111(1  111(’t(’ol(llof:i(:il” 1)11(’1)0111(’II;I

[3], ScaWi])cls  olw(:]  liitiol)s f(,) III :, li(!~ (l(ll)(:llt of tll(: 10S cli]])[,tolop,ictll”  ]Cs(:(]cl] IJlissioll.

III :I(l(litio]l  to i t s  sci(Iltifi(  i(~)l)licntio]ls. S(a\\’i]](l\  is (x])(cl(,  (] 1 0  l)]()\ri(l( :111 illll)()]  tiIIIt

(I:lt:1 SOIII ((: fo) OIX:I  ilti(nl:tl  ll){t{’(llolo~’,ists.”  ACCUI at{’, tilll(ly  01)s(’] wit io]ls of (ICC’:111  v’i]l(]s

v.’ill  (’III 1:1 II(YI tlI(: aljility (If f(ll(,(asl(’ls  to i(lclltify  (():lstill  alI(l IIl:llill(’  ll:l’z:I1  {Is.

Fls V,’it]l all s(t(tt(!loIll(t(Is,  Sta\Vit](ls will o])taill  al I (stilll:ltc  of tll(:  lvill(l l))’ lli(:l<llliIlp,

tlIc OC(:;III sIIIf’a(:(: Ia(liLl  lm(h(xtt(:l  CI(ISS scciiwl ( 0 ° )  :it Illultild(:  a74illiutll  al I{ I,ks. ‘1’11(:

[),co~)l)ysical  ]IIo(lcl  f(]llctioll, lfr]li(’]l 1( ’][lt(!S \$’ill(] S])(!(!(1 ~111(]  (lil(Ktioll to })~1 CkS(:fltt(!l C1OSS

:i(xt io]l, is tll(~ll llllll](:Ii(.ally  illI’(’I  ((d to i]lf(’r t.11(: 11(,:11  Slllfacc \\’ill(l. ‘J’llis  t(’clllli(l~l(  IIHS }IN:II

sll(.(;  (,ssflllly  (:lll~)loy(.(1 011  ])l(,violls  S(’iltt (.lolll(>t(!l  J)l{)~,, 1:1111  S, S(1(’11 ;I\ Sl:ASArJ’  ;III(I 1;1/S-1,

:111(1 is ~~lHIIII(,(l fol ,S(:a Will (is’ (Iilc(. t I)I(wl(Kxw(~I  , NS(}ArI’ [1 , !), ]4]. lllllili(’  tll(’s(  (,:llli(l

s(./ltl  (:1 CJ]ll(!t,C)s  wllicl)  [!]ll])l(l~((l [1 fix(,(l  ‘( filll-l)(!illll”  :Illt(’ll?l:l, lI(Iw(:\(:l,  Sc:I\Vil  I(isw’ill [Itiliw

ii s(,~il]llill~, “~)(:]lcil-l)(:iltl”  (1(’si~’,11.

111 filll-t  NXllll S~St(’lll S, sti(l{-l il:(~lllt  (:]lll:l\:l  l(l]:~((l  tol)l(J:l(l(’:lSi 1011[’,, llilll C)\V IIl(lill f(l(lt  -

]) I;llt,Soll  t,])(>oc(!a?] Slllf:lC(i.  Al(n][l,  t]a(l ()() ](w]llltiolk  is(l(:fill((l  I)y tlIt 1I:III0I% (Ii]ll(>]lsiol]  of

tllc f(mt])]i]lt,  alI(l cl(ws tI:Ick ]C:sollltio]l”  i s  ol)tilill(,{i  lIy (’itllcl  lJ(I;)~Jl(:I 01 liIIIfI,(:  (Iis(lilllill:l

ti(lll.  ‘J’yl)i(:ally,  a L(K) 6(K) 1;111 sw:Itl I of 111( ’iLSLll(’1ll(’llt S (’:!11 1 ) ( :  ol)t{lill(’(1  011 (itllcl  si(lc’  of tll{”

sl):i(xx:laft,  I)ut ilI tl](:  1(:~’,i(jll :1200 klII fl(llll  111( s:lt(llit( II:i(iil  tla(l:, \!riIl(~ \’(’(’~olS (,[lllllot

1)(’ II I(::ISIII(Y1 (11](’  to tl](’  ill:l])]  )lo])liilt(’1~  lo\\” il)(i(l(ll((  :111~’,l(w. ‘J’11( (xisl(ll((’  (Ji t h i s  ‘“)l:l(li)

[,,il ]),” sif,,ll  ifi(.. illltly lilllits  {)( ’(, [111  (’()\T(}lilf ’,(>, l:;llll)(’illll  S~st(’lllS [!1(’ :11so  (ii fliclllt  to :I((ollllllo”

(lotc (U I  slIa(’(nafl (1(1(!  to 1(111  {1, {IIIt(’lIIIaK \\’itll tllri] :iwwiotc({ ficl(ls of vim. (:()]ll])li(ilt(:(l

;Illt(’]llla  (l(:I)l(ryIII(,]Its ;IT(’ t.yj)ic[llly  ](.(jllil(:(l.

l’c]lcillwalll  S(:[ltt(:lo]  ll(:t(’] Syst(’lllS\i’(’1(’  filst (l(wIilw(l  I)y IVfoo](’”  illl(l  otll($ls  [ 1 3 ] ,  With

S(!\’{~l ill \’il IiiltiO1ls  ])10])OS(!(1”  l)j’  IJ(lllf),  [’/,  {)]. 111  (olltltl  S;t to fiiT1.  }l(’ill  Il S(’[lt( (!l(llll(’t(!l  S, ])(:llCi]-

11( ’illll  S~st(:ll  lSlltili  YCil  ])tllill  loli(:(lisll  flllt(’llllil  \\rlli(.11  iSlll(’(:llillli(  ’illl~SJ)llll  t(l S(”;lTl  tll(:()(:(:;lll

Sill [? I(:(,. ‘J’llis (x)l II]):I(t  (lcsi{’,]i  i s  11101(”  1( ’il(iily  :ic:(()]lllrlc~(llit{’(1  011 sl):i(:(,(l:ifi  lvitllollt  (1(:-

l)loylll(,llts.  II(:C:lllS(: tll(’ illlt(’1111[1  1)( ’:111] is (“olli(”il IIJ’ S(”:11111(:(1  :It il [(lllStilllt  ill(i(l(’ll(t :111[’,1(’,

il \\ri(l  (’1 , (x)llti~,llolls  sv,IatlI  i s  ])ossil)l(:. ‘1’llis  p,l(’:ltly ill(l(:aws  ()(:( ’iIll (’()\’(!lil[’,(’  1( ’lativ(’ to

f’illl-11(’~1111 S~St(!lllS. ‘J’l I(s (olist:)llt,  ](’lilti\~(:l~  IIip,ll  i)lci(l(ll(”(:  ii~][),l(’s  () f 111( lwll(il-1)(:1~11  III(Ia

slll(:ltl(,llt,s  als(I co)lt]it~llt(:  to [I,t(wtcl J{’ill(l  nccllI;l(:}r. [:{], A)i,\~s()~ii\t(  :(l:,(l\i,,]t;t[L(ist ll{itt]l(:
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‘1’11(:  lllaiI1  l)orly  o f  t h i s  ])[1])(:1  i s  (Iivid(d  into  t\\w  (listillct  ])aI (s. III ~rctioIl  11 t 11(: (nw al]

SealVillds  systc]ll  desi[l,ll  :111(1 0(’ IIl(msul(,lticllt  a])]) Ioac}I [II(’ (I(!sc]ild.  II I(II1(I(KI  ;LT(: l)] i(,f

(l(wli~)tiolls of 111(* i~]st~(}]ll(vll,  lmlaTII(:t(,Is, aIIt(:III Ia sca II :II)I)I():Ic II, tilllillp,j {III(I ll:ick  scat-

t (1(:(1 (:11(11 ~,y (Id(:ct.iol]. Sc(lio]l  111 I)]m’i(lw a 11101(: (I(:t  ail(:(] look” at t II(’ Ill]i(l(l(  tvs},(cts  of

11)(:  Swill’ili(ls si~,llal  1)1 occssi~lp, (lcsi~,ll , alId discusses tllc tlitdc-ofls  ]w]fo]lllul  i]] ordc I to

il(:lli(:v(:  ol)ti)llulll  o (1 IIl(:tlsll  l(!lllcllt  })(!lforlllall  (l’. III ]Hl ti(ll]a] it is sI1(NVI] IImr  IH:\t(lolalI-

(1()]1) l)l)tisc IIlodlllntioli  of tl](:  (Iallslllit ~)uls(: is (, II I])loycd  to IIlillillliz(,  o ‘} csti]llt~ti(jll  c]] ()],

A cc)lillm~lioll  }): I])cI [1 1], wllicll  ~)lcwi(lcs  a tll(m]diml  lmsis fo~ this  tcd]lli(lu(,, is lcfc~lcd to

(:xi(:l)sivcly.

11. Sca147i]lds Syshn 1 )csi{~,]}

III ])](:]mltltio]l  fm a 19{19 l: IIIIICII, tlIc ScttWillds syst(:lll  is ill ;LII a(l\’iIIIccd sta[),(: of dwd-

q)lll[vlt. ‘J’IIc S t a l l ’ i l l d s  illst] lllll(!llt  is Iwi)lf’, (lcsi~’,llcd to IIlcct tllc scimlcc  l(q(lil(’lllcllts

f(n wind lctlicwil  [3], nlld to I)(: c(]llsist.(:llt  w i t h  tll(: AI J1(X)S-11 o] I)it ail(l :i((ollillic]cl:~tic])l

Co]lstlail]t,s.  l]] t~lis s(x:tioll  t]l(’  ju?~c(?o?to~ [Isj)(x’.ts  of t]lc $k!a\~)illcls  illstl  (Illl(vlt  (losi~’,ll  a)c

])](wv]t,  (:d. IIlcllld(:(l  a](: })li(!f  d(w:l il)tiol]s  of tll(, s(,l(,ct(:(l la(l[il  ])alnlII(:tcls, :illtc]l]la seal I

a])])] oacl I, tilllil)f’,, (:(110  (I(!tcctiol],  and o” calculation.  l]] a(l(lit,ioll  to ])](n~i(li]l[:  :1 1(’fclcll(:c

fol tl)c ovwall  ScaWill(ls IIlcnstll  C]IIC]I(  tccl)lliquc, t}]is (lcsa  il]tioll ))mvid(!s  illl~xwtallt  hck-

f~tol]lld  llltlt(:lial  a~,:tillst  wllicll  tll(: (l(:tailc(l  sip,llal ~J1occssill{;  tla(l(’c)fis  ill S(,c:tioll 111 nlc

(lis(:llss(:d.  A(lditio]liil  illf’O1lJlatioll  (Ill tl)c l)lall]l(’(1  l]aldwal(: illl})ltl]lcllt:itioll  [L]](I ~,lo~l]l(l

(I:lt  a syst(vl) caT) IN, fo(ll](l ill 14711  {:t al. [1 8].

III ()](Ic] to (lctc]-llliIlc  tllc IIraI suifacc  will(ll  a s(iitt(:]ollt(:t(!l  IIlust ol)t~ti]l  II I(iiSIII(III(:IIt  S of

0(1 at, Iltult,i})lc  nzil[lutll  a]lp,l(!s  fo] tl)(: S:I]II(:  jmi~lt  oil tllc occall  s(l]fac(!  [1 6]. As illust~at(x]  ill

l’ip,u~(:s  1 slid 2, S(wWilt(ls  }icco~l)l)lisllcs  this  usillp, tw’() conically SCILII]IC(I  l)(:llcil  IK;IIILS. AII

tilj~)l(~xilll[]tcly  o]l(:  ]IIctcI (Iifill]ctcl  l)nlalwli(:  disl] aIIt CIIIIa wit]) two oflsct fw(ls i s  USC(1 to

cl(,atc  Imtll  tl)c ‘tillllc]”  all(l  tll(: “ollt.(’l’” I)(:[tllls. ‘1’1](:  illlt(:I  I)(VIIII  ]I)ailitnills  aJI “ofl-lla(lil’”

all~,l(!  of 40 (l(!p, I”(!cs, a]l(l illt(:l  cq)ts tll(:  occall  a t  [i colistlallt  46 dcfI, I(:(:s il](:i(l(:l](.c  allg,lc.

‘J’11(:  Out(!l  lKwilIl 11{1,<  al) ofl-l]adi] ttll~,lc  of 46 (Icp,[  C(:S wit}) al I ;Ilcid(:licc  {11111,1(:  of 54 clq,f  c(:s.
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(I(:])ic:td ill l:ip,  uw 3 as :il I c IIi]m wlIosc dill)ulsiolw :Iw clcfilld  lq’ tlI(  3 d]) mlltouls  of tile

illlt(!lllla  ])att(!I”Il  ])1’c)j(!ctd  011 tllc sll  I” f[l(x!. ‘J’]](’ “along, S(’all” s]):icill~,  of tl](’  II IC:I.<\lrCII  I(:IIt S is

:1 ful)ctioll  of tllc SCaII  IatC [III(I 1’1{}1’, slid is 15 kIII fo~ tllc illli(l  IX!:IIII aII(l 19 kill fr)l tlI(  out(:~

l)(mIII . ‘J’11(:  “al(MIF,  track” (lis~)l:](’(:111(’llt  of ilIC IIlcasulcn[lc]its  is d(!t(!rlllill(d  l)y tll(’  s:lt(,llit(~

F, M) UII(I SI)(!(!C1  c)f 6.6 kI1l/sw, aIId is ?21 kill fm l)otlI  I)(WIIIS. ‘J’11(: foot~)lillt  diltlrllsiolls aIId

s]mcil]p,  al c (y)llsist,c!]}t, Wit]]  t,]lc 1 (:quil (q IIcIIt,s to cor(,p,istcl t]l(:  foul nzilllllt  ]lal IIlca.\uI (~lll~llt,s,

alId to [I(:llimw  IIwr  50 klII. wi)ld III CaSLIICIIICIIt msolutiml  [3 ,  C]. l{cy ])[llallldcvs foI C: ICII

al It,w IIIa l)ca IIl aII(l t,l)cil  associatd  foot])~” iIlts aTC SUIIIIIIaI id ill ‘J’al)lc 1,

l~i~,u~(: 4 (Ic])icis tlIC basic  dmi~,fl of tllc S(::AJ~illds  Ia(l[LI (:lc(:tlollics  (111(1  slIoww tile tIaI)sl[lit,

I(wiv(:,  aIId detdxn  fulldimls.  11])011  mIIIIIIa  IId frolll t,llc tilllillg,  cmltrollcl,  tllr tlalls)llitto  ,

w~l~idl  c.ollsists  of a ll)dulat,  d sip,l]nl  ~,m)m(~tm  dI ivillp, n travdil)~, wmv(:t~ll)c  (’J’\V’J’)  ;l~lll)li-

ficr, issues a 1.5 Ills duratio~l, 110 \37att  1{[1- IIZ{TICI  ~,ulse.. l~or I caso]}s cx~)lail~(d  ill S(ctliml

111 ,  tll(!  tmlw]llit  ])IIISC  is h4Sl{  IIlodultltd  to a ba~lclwidtll  of :l])])tc)xi;~ltitcly  4(} kll~. ‘J’IIc

])lIIsc: is Ioutxd  tc) eitllm tllc illl)(,l  0 1  tll(: outcl lwilII :il]d tl]mup,ll  a cwixial  lotal~’  joint

to tl]c s])i]]l)i]l~,  scctiw of  tl]c a]ltcIllm  asscIIIIJy. ‘J’IIc who I(:tUIII is lik(wrisc di] wtcd t o

tllc ~wcivm WIICIC it is :i~]l])lificd,  dmVIImIIVCI  t,m], [III(I dd(:ctwl.  A SIIIIIIIIaIy  list of t 11(: kcy

I a(laI ])ar{illlctcm is SIIOWII irl ‘Jhblc  ?,

1 )tl(:  t () tlI(:  IIlotioll”  of tlIc! satcllit(: I(ltiti\{!  to tllc 1211 t 11, [I 1 )c)]l]JIcI shift of I)(tw((’11  :1500”

kl]z is ilIl]ml  tc(l to tl]c w]lo ](:tutll siF,Il;il,  (Iqmldillp,  011 tll(: :Illtcllll:i  s(fiII  })(M+it ion, WIICII

t)I(! Hlltcllllti  is ])oi~ltil)~,  forward  or I)dli]l(l  ml:ltlivc  to t l]c slmc(!(xaft, ]Ilotioll  (see l“i~,u](!  1),

tll(:  lhj)])lc]  sl)ifi  is at a lllaxiI1lllll]  0] ]Iii]lill]l]lll. JVII(III tll(: {il]t(:ll]l[i  is sc:l]i]lc!d  ]ujxlldiclllal

to tllc s]mc(:m aft p,l olllld-tl ad;, t}lc sliifl  is IlcaT m 0, ITI t)](:  ScfiW7iIl(ls  dcsi~,l),  tl]c 1 kqqh

sllifl is l~le-c.c~llll)clls:itc.(1  I)y tlll~ill~,  t}lc tral]slnit  callim  flc(]u(]li(:y  to 13.402  Gl]y, - jcl, wFIIclc

f,, is tllc cx]wctc(l flcqucl,cy  shift to lw il])~)a~  tcd t(i t,l~c *ct,uyIl  sip,l)[i]. ‘J’lic colll]wlm;i~i(nl

f] (qtlcl]cy is  col]k])utccl  I)y tllc Sca Winds  oll-lmard  l)NWCSSOI  llsill~,  tllc Illcasurml  alitclllla

])(witioll,  orbit  l(w.atioll , S] HICC(:I aft vcl(wity, ti]l(l  l’h] tl) lotatimi. ) ‘1(:-(c)lll])cllsfltillp,  tllc

t ~:illslllit  l)IIIsc for 1 h])l)lf!]  shift ])1 odIIc(Js :iII cc)Io si[I,IInl tl]at always o(:c(l Is fit t 11(: sfil  II(:

siII}~)lifyiI]~,  t,]ic 1{1~ (](wI1  wIiv(:I  sio]) :i~id  d(]twt 01 (~](wt  1 o~]i(’s. Note t]l; it(:(’llt  (!1 fl c![lucllcy,  L

t II(! 1 h~)])l(:l  f] cqum]cy  (:0111(1  lIav(: t )(:CII (xlllival(nltly  coll]]xnlsfitcd  Iy 8 v[iI ialdc 1 II’ fl c(lu(:IIcJ~
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‘J’IIc recwivd  sig~lal  at tl]c (Ict(:(:tol  (c)llsists  o f  tl]c rclurll  (dlo ])lLIS tllel-lllal  IIoisc. ‘J’lIc

tll(:rInal  Ilc)ise  cmnlm!lmlt is a cmlibi~tatim]  of  tl]c illstru]llmlt systC1[l  Imisc and tll(:  l’;a]tl]

s(.(q I(! l)l-ip,lit,Ilcss t,c!llll)~rat,ul  C. III oldcl  to mtilllate  0° , <l lllcf\.<ill  c. Il)cllt of  tllc WI)() [’ll(!lg)’

~)])ly  is mquircd.  lti sc,~~t)tc,~c~l!icttjl-  systc!llls  this is gcnlerally adlitw(d  I)y sul)tractlill~,  a sqNi-

x at,c IIie.aSUm)l]m)tj  of  tllc tllm]lal  )Iois(:  flool t}l(: “l]oiswolily  ’> lI1casuI’c!Il l(!llt - flolll  tllc

“sip,I1al-1  llc)isc” lncasurclIlcIlt  [2, 1 G].

A (Imui])tioll  of s]mcific  CCIIO d(t(xtim]  stratq,ies for ]Jcnl(:il-bcal[l  sc~lttcrolllctcls  is p,ivml

ill tll(:  col]]]mllicnl  ]m]wr [1 1]. 1/01 SuiWillds,  a]] a]~])roacl]  wll(ne tltc signal-l ]Ioisc a]id ‘Llloise-

(n]ly” u]mgim am l]]etisurd  silllllltt~llcc)llsly  was sdmtd. (A’otje  that w’itll  tllc silllultallmus

(Ictmtioll  a])])]cmd),  tllc “lmis(~-ollly’” IJ]casumI)mJt  actually colltai]w  tl]c (:clio mmgy as WC]].

‘1’11(! t(’1-111 “]lc)is(!-ollly,” wllidl  is co]]l]ao]l]y USC(1 ill s(:iitt(:l(}lllct,x  -y, is IIc)lldllclcxs  I ctailw.d

l](:ro.  A s  SIIOWIJ  ill l’ip,llt(:  5, t  lJ(L sif~lla]-1 Iloisc and lloise(~llly  cllel~,i(’s,  ~~,,,, all(] ~Y~L,,, ale

c)l)ttiilld  tjy illtq,ratillp,  tlw out~)llt  of two sc]ml  ate filtu  o]N!l atimls, l~i~,uw (i s] low’s a rq )

1 Cswltatiml of t,llc dio s]wc.trultl, tllm ]IIal  ~lois(:  sIw(:tr~lllJ, a]]d tllc II]ap,llituc]c  r(:sIm Imc of

{1)0 filtms. ‘1’llc  signal-t  IIoisc filto ]Jas a ba]ldwidtll  };, = 80 kllz aIId is cc]ltcld 011 tllc

(wII() wtl))ll  wllidl  IIas a 3 dl~ lml)dwidtll of ;~])])lc)xiIll[itcl}~  40 k}lz. ‘-1’IJc IIois(:-mlly  filtm

IIas a 11111(:11 w’i(lo ]):1SS-1):111(],  11,, ~ 1 Alllz, w’llicll  ov(:]-la~x  tllc ]Jal I(nvm si~,llal-1  llois(:  IIICa-

s(lrclllcllt,  IEIIICI. ‘1’]Ic sl)(!cifi(:  dlc)ic(:  of filt,m lmldwidtlls is lmsd 0]] I[)msurmll(:llt,  a(.curacy

(ollsid(’1  atiollsl wllidl  is tl]c sut)j(!ct  of Sc(:tioll  111.

I  Mails o f  tlIC trallsllli(  })ulsc and (!dto d(:t(wtlioll  til)lir]~, al(! sll(nwl  ill l~ip,utc  i’ .  ‘1’lIC

I d,allgular  trallslllit, ~)l]lsw+ o(:cu~ mu y 5.4 ]IIS all(i  altclllatc Iwtwmll t}]{: illll(~l  a]ld olltel

lm]]l,  Note t,llat t,llis  l)IO(IUCCS a I’1{11’ of :i])])loxi}ll:itel~~  92.5 Ily, (n) (:ac}l l)ca~ll  individually

slid 185 1171 mwrall. 1 )uc to tll~ fillitc  (Iillimlsiol]s  of t,llc  ant mllla footlmilltj  tl]c (dlo r(:turll
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“lJII]SCS”  am IICJt, rq)]icas  of t,hc tI allslnit ~)u]sc l)llt at c dis~xnxxl  iIl titl]c  arid fmqucllcy. ‘J’l Ic

(Iislmsiml  ill tirl)c s~)rcads  tlIe ccIIo ly alj~)loxitllatcly  ( ) .5  IIU+, altd is clq)icte(l  ill l:ip,utc  7

I ry sllrmFillp,  t,llc (:d)ocs  as t,ra]wzoicls. ‘1’1](:  IOIllId tri]) ilip,llt tilllcs for tllc illllm a]id olltm

])(lIscs  ale 7 . 3  aTId 8.3 JJ)S  les~m,tivdy, all(l  thus (’ad) (T11O I’c!tul  11s afm’ tll(’  .Wmding

t]al]s]llit  ]JUISC. ‘1’11(:  ral]p,c  p,atc i]ltcnml  du]il]p, wrllicll  Lmtll tl]c siF,llal-1  Iloisc  a]ld :Iois(:-cnlly

] Il(:asu]  CIIIC]ItS al e au:ulllulatd  is cmitcrd  01] tl]c Cx]xwt(xl  tilile of t IIC w:]](J rctulll. 111

Ol”d(!l to Ill C:l.<lllC! t]l(!  CIltil(’ C1l(!l  F,~ of th(! CC]1O, t,]lC! lall~,C  ~,[ltC 1121S a ](:llSt]l  y; : y;, = ? 1]1s.

‘1’IIc values Cs,L and  C~tc) for cad]  rct,ulll  ]m]sc arc tdclllot,cre(l tc) tllc gmlIILd ~i]lmc t,llc

(:d]o Cl)erp,y  alLd, ultilnatdy,  o ‘ )  arc Cstilllatd. IJc)] tllc ScaWill(ls dctcwtioll  SCIIC]IIC, atl

(’x])ressioll  for t}le  C!C]IO cnl(!rgy Milllatc is obt, ai]lec]  ill a straig]ltfO1-~varc]  l]la~lll(!r. AssulllillF,

[i I)mcessor ~,aill of ullityj  tile cx]wdc(l  values of L’s)t  allc] C;,.  atc w’rittm) as

(1)

[[ C:LO] = h’s -I IL,?; ?/() (2)

(:{)

‘1’IIc  WC1l kllow~] sc:tittc:]c)]llctc:l  ]adal  cquatioll  [SCC. 7, []6]] is tIICII al)~)lic(l  to  est,illlate  o“:

Wllm!

~ , l&A%’;Ac

(47, )Wi “

8

(4)

(5)



.

aIIt(!III  Ia }mttcn-11  ]wak gail]l  AC is tll(:  cflcdiv(:  illulllil)atcxl  foot])rillt a r e a , al)d II’ is tllc

IIolllil]al  slant) raII~,c, l~or t,llis lmlm, w~llidl  s})ccifically  addlmscs  t lic Sca\Yillds msc,  flc is

(6)

i lIC tiII]c of cdIo  rd,urll,  7 is t,llc l-allgc  to caclI s u r f a c e  dcntmlt,, A t  i s  tllc area  of eacJ~

‘1’lIC trarlslnit  m]d rcmivc  mltc!ll]la  ]msiticnm  me slmc,ifid scqmratdy  ill I’;c1.  (6) bcxausc  tile

alltc:llT1a rckatm  a~)l)roxil]latcly  0.8 dq,rcws a sigliificatlt  fraction  of tlm Imalnwidtll  -

durillp, tile l)UISC rourlcl  tri~) flip,llt. A ])recisc fol-ll~ulatiol~ of  tllc rad:ir  c(luat,ioll  lnust,  talw

this  offset  i]lto accnuxlt  [1 2].

1 I 1. g}ansrnitl Modulatjicm  and l’rocwssor  l’m’amd)w T1’adcofl’s

111 tlllis  scctioll wc turl]  frc)ln a ~,cv]m  al ovmvimv of tllc ScaWillds  ilJstrllll]c!llt  systelll to a Inom

dctaild  diswssicn] of a kq dcsigyl  issue: tllc II]iIli111i7jtltio]i  c)f 0(} IIl[::LsllrcIl)c:]lt  mm. IIm:,

gcl]cral m~nc:ssio]w for I]lmsurm!]mlt varial]cc dmivccl  ill [11 ]  arc a})~)liccl to tllc s~mcific

ScaWillds  c a s e  ill c)rdcr  to  sdcct, tile c)])till]u]ll  tra]ls]]lit,  ]ncdulatim]  aIId ~]mccssor filtm

]mralrld,c:rs.

ArI cxallli]latio]] of ]tq. (4) JWCHIS  tl]at  tl]c mrc)r i]] dctc]]lli]lillp,  o 0 lIas tjww II1ai]] coln-

lml]cl]tls:  tlm mm associate]  wit)ll  the w+til]lat,r!  of l; ~, a]ld the error ill tile k]lowldgc  of

tile va]uc of X. ‘.l’llc  ~)roccss of lllcasurill~,  all tllc I ada] lmrallldms w~llid)  col]trit)utc  tc) X

is rcfw I d to as scattcrolllct,cr  catihntim~. (ki]it )ratioll  m I ors arc larg,ely  sys/r:7/Lotzc  ixl that

Illcy arc eitllcr  biases or call bc rdud by careful  dial act(:rizatic)ll  of tllc oll-orl)it varia-

tions  ill tllc illstrulnmlt  radiolnct,ric  ~mralllctcrs. ‘1 Mllliques  for scat tmcmlc:tcr  calihat  io~l

al c }myolld tllc s(:o~)c:  of this ~)a])m but, aI (: discussed ill cldail  clsewllmw  [10, 1 5]. ‘J’lIc mror

associ  Catd witl] tlic w+tilnatc:  of 1’,’s, l]owmw], is 7“(171(/0711  al)d l)laccs a fulldalllmltal  colwtraillt

011 tllc tl)ec)rc!tid  w’illd  lm)forlllallcc of t}lc s(.atjtc)orlletcl. It is this  error that wc scw.k to

IIlillil))ize  IIme,

A ]nctric,  widdy  used ill scattcml)ctr-y,  for cwaluatill~,  ttw 1; s cstit natiml mm is tllc



‘(1{],” ~)aral]ldm:

(7)

Kl) is tllc llcmnalized staTldad dcwiatio]i of ;Z duc to radar fadillp,  and tl]ull)al  IIois(:  cflmt,s.

A p,cxlma]  obj(!div(: of scattum]lldm  (lcSigIl is tlm IIlinimimtioll  of Kl, [14]. 111 ]mfcmllixlg

(lcsi~ll  tradeoff’s, it is useful  to have a “ru]c of tllull)t)”  Illaxilllu]ll  value of K,, to Iw adlievcd.

llnfortu]latdyj  K!, is a ful)ctiml  c)f tlw siglml to lloisc r a t i o  wllicll  dqmllds  o]] tlw wind.

lhrtllm, rdatillg  KI, directly  to tlw wind Ilmasurclncllt.  pmfcmllallm  call h difiicult  due to

tl]c IImi-lillcarity  ill tllc wilid Mricval }mocms. As a result,  w(! ado})t  t}lc goal fo~ Sca\~Tillc~s

that  1{1, S11OU1C1  lm less tlml the gccqdrysical mo(]dillg  mrc)l tllc ]wrmnltagc variatic)]l  ill cr”

for a p,ivml  wind v(!locity [1 O]. Sudl  a critmicn!  will ilmrc that w’illd ]mforlnallm  is lilnitul

]]ot by tllc lnwcisioll  c)f tile itwtl uli]mlt, Imt olIly  by out  at)ilit,y  to rdatc  tile Illcasuld  00’s

to  wind  qmcxl  all(l  dircxticnl  via tllc llwcl(:l fulldio~l. ‘J’lIc lllap,uitudc of tllc gcw]dlysical

lllo&li]lg  error at Ku-bad  is not wdl  kllowll, but a value of 17% lIzLs bcx!l] cx)lnrIlolIly  usd

ill otllm  scattcwollletu  pmfor]llzince  allalysm. lbr Sc!aWillds  a dcx+ig]l  F,oal is thus to have

K,, <0.17.

i n  tlw cc)Inpallioll  ])a]mr [11],  tllc K1, cx])rcssioll for a ]mlcil-twalll  s(:attmwlndm  is

(Imivccl,  and  has tile gmmaliml  form:

(8)

Wllme A ,  11, aIId C  arc ratllcr COIIII)lm fu]lctiolw  c)f tll(: tralmnit lllodulatic)ll,  ra]lgc and

lkqqh  dlaradmistics  of  tllc illulllillatd  foot~milltj  and tile cclm slid ]Ioisc f i l t e r  l)ald-

widtlls.  S is tllc IIoisc-tc-sip,llal  ratio  ( l /SN}{)  wit,llil]  tllc siglial-1  I]oisc filtm Im]ld,  a])cl is

d(!fill(!{l a.<

[11] that tllc “A” tml[] ill lIkJ.  (8), wllidl  is rdatd to tllc eff’edivc IIurllbm of illdqmlclmlt

sal]ll)lcs,  call lw sig]lificalltly  decrcascd  ly aI)~m)}miat,c  Iilodulatioll  o f  t,lle tral]slllit  ~)ulsc,

t,lllls d(!(mlsing  K,,. A trade-ofi”cxists, howmu, l)cc:Ltlsc astllctr:L1lslllit  ~)~llscl):Ltlclwicitll

illcrca.ws,  tile baxlclwicltl]  oftlledlo  MurIl  ]lcxessarily  iucreaxs arid }17 IIlust sulmqumLtly

1()



Modulation Format and Tra]]sxIlit  Pulse! Spmtruni

A s  discwssccl  ill [11],  I1lcdulaticm sdmles  whidl  ~Jroducc  a ‘Ihulllt)-tack”  sha~d r a d a r

:~~]~l)ig~li~,y  flltl~tioll  arc gocd Callclidatm  for i]n~mwillg  l{],. 1 )UC to its broad  main lotm a]lcl

low side lolm ~)roJm-tim, as WC1l as case of illl})lclll(~lltf~tic)ll  ill lmdwam. a lmwdoratldoln

MS]{ (lllillilnuln ~)l]asc: shift kc:yillg,)  Illc)clulatio]l  forlnat  was sdmtd fc)r use with ScaWillcis.

AltlIcmg,lI  al] mlalysis ill this ~m~wr is lmsmltcxl fol tlm MSK WW, sil[lil~~l ~~~J1l@l~s  COUIC1

lK: a])])licd for otllm  suitable  lnoclulatic)ll  SC]lC!IIICS  (1 ‘SK, lJSK, dx.).

Wl]ml tll)c tratmllit,  ~)ulsc lcllgtll  is I]lucll  ~,matm tllatl tlte h4Sl{  IIlodulatiol] bit }wriod,

1)(! [4]:

[

?

sd(~) ‘ 167r2Ef2i  - y 7~(:’.:  .:” -w)49:(LLJ  - w. -1 Ldd)2  - 712 1 (10)

where L’1 i s  tllc total ellmgy ill tllc tratls)nit  l)lllsc:l Ii, is tile Inodulatioll  bit l)mio(l,  LJC i s

IIIC angular  frqucmcy of tlm trallslnit  mrrim (%r x 1 3 . 4 0 2  GIIz),  aud u~ is tllc dol)~dm

tile tralml)it  In]lsc (2n x jd).  Note that tllc tralmnittd  signal

t)c SIIOWII t]]at tllc 3 d]] l)aI)dwidtll

(11)

Ikho ILcturn S~)cxtrum

‘J’llc  s~mctrutn  c)f tllc CCIIO rctul  1] is difi’cmllt  fmx]l  that of tllc t lal)slnit  l)ulse. ‘J’l]c s~mdrulll

of tllc cdlc)  is a result  of tllc:  illtc:ractioll  of tll(:  tratmtlit  sigylal  with tllc occmll surf am ovm

tlIC illulnillatd  foot~millt. A  mdl kllow~Il td]llic~u(: for colllJ)utillp,  tllc CCIIO rcturl)  is  to

assu!nc that tile  omat  1 surf am is a c.oll(:c. t,iol i c~f lmillt smttcnms  (Sex. 7, [1())). ‘1 ‘lm C.CILC)

11



]dur]i  is a smnmaticnl  of r e p l i c a s  of tllc tramait ~Julsc  sctittcmcl  fmn cxidl lmitlt 011 tllc

surfacx!, suitably vmiglltccl  lry tllc alltmllla ])at,tmll at, cad)  scattmillg  dclllmlt,  a~lcl frqumq

sllift,~c]  l)y t,]]~ ] )oIJpl(:r associatd  with cacll scatltmm. ‘.I’llc CCI1O cnlcrgy  slmctl  uln is likm’ise

{t sulnmatlicnl  of re~)licas  of t,llc:  trallslnit  mlcrgy  s~mtrurll  wwightcd  })y tllc alltmllla ]mttcrll

and shiftmcl  by tllc 1 )op]der fmqumcy, ‘]’bus, the! m]mtd mlc-sided do Ietul  11 slmtrum at

tile rcmivm- il]put,  ~j’(w), (:all  hc writtm)  as a fmqumlcy clo]llai]l  mn’olutiml  of tll(:  trallslnit

sl)(!C~r~ltll  allc] t]l~ foot}millt  1 )cq)]k.r  S}mc.t!uln,  J)(W):

h“(w) : s,,,+ (cd) * l)(w) (12)

‘1’IIc Ikqqdm  s]mtrum rqmmnts tlm dc:gru!  t o  which tlm tralmllit  sigual i s  s~md ill

frqucn]cy  clue to tllc l)qq)lcr s h i f t  mlcmulltmd  ovm tllc! illulnil)atcd  arm. Assulllillg a

(:oxlstal)t  0(’ mu tllc illulai]latd  foc)t~)rillt,  tllc 1 )olq)lm slxxtrulll,  I)(w), is dcfillul  as

(13)

wllcm tllc illtqyatic)]l  is ]wrformcc] cwc!r the isc~ rallg,c lilm within  tile foot~millt  (s(!c  t i l e

trc!atmcnlt,  ill [1 1]), Note that tllc 1 kqqder  s}mtrun)  is cmkm:d at wd , and COm(!qm!ntly

l’;’ (u) is Ccnltcmxl  at WC. ‘J’hc (lc)~vllcol]l’crtccl,  lmw’balld (w11o s~x:dru][l  illci(lmlt  011 tllc

(Ictm:tor,  E(w), is llolnillally C.cmtmd at O Ilz aTI(l is giv(:l]  Iy

h’(ti))  =  };’(cLJ  -1 (LJc) (14)

‘1’lN sllfi])o  and  Iml(lwidt]l  of tll(:  1 kJIqd(!r s]xwt ruin, allcl tlms tll(: slla])(:  and lmlldwidtll

o f  the CC1lC) s]mtrum, dC])CIIC]S  0 1 1  t]lC  S(kCtd :lIltCIlll  Zi ])(!ZIII1 ?H1(l  aZi IIlllt]l  [lll~,k!. Fol”

SwiWinds,  the 3 dll bandwidth of tllc l~olq)ler  s])~~tr~lll~,  ~Jdc)lj, varies flo)l] alml]t  9 kllz,

for tlmoutm Imatn scallld  ill tllc forward or aft dimdioll  (Oc)r 180dcgIccs  azi!llutll),  to

15kllz,  fc)rtllc:illIlcrl)caI1l  SCatIIId  totllcsidc  (W)ol 270(lcg1c(:sa~illl~ltll).

lJip,llrc 8is[igra~)lliCal  exallll)le  c) fllc)Iv tllcCcll()s  })(:ctrllllli  sC:llcllltLtecl.  Ilcm,tlwtralw-

Illit slmctruln  wm.scolnl)utccl  floln l’kl. (10) :isslltlli]lp,}l,rLS~  = 40k11~,. ‘I’llcl )c)})l)lcls  })c:ctrlllll

S11OWII  was ]moducxxl by llulllmically Cvaluatillp,  ]tq. (13) for t}le i]lllm I)(!aln scalild  to 90

dc~,rms  azilnuth,  and tlml rmnovillgtlm  l)o]qqdm  cmltm frqumlcy. ‘J’lN rmultillg  Imcl)atl(l

vdio  s]mdr~llll was mln])utd  froln hkI. (12), All s]wctra  w’(:rc IIor]llalizd  to a }wak valuc

of unity. Note that for tllc CMC SI)OWII , a]l(i illdcxxl ill all c:Lws wllmc

trtlllslllits]  )cctllllllist  llcclolllill:ll)t  factcmil)  clctcrlllillillp,t  }lcl)all(lwicltll

12



Signal+ Noise and Noisc+Only Filtw IIandwidt]]s

‘1’lle  sigllal~  IIc)isc  filter t)all(lwidtll. 117, lnust  lm Suflicimltly w’idc  to acxmnlnodatc  t]lc CC11O

rclur]]  s]mctx-ulll,  yet as IIarrow’  a.: lxJssihlc to lllillirlli~tc  tllc allloullt of tllcrlnal  lloise lELWCXI.

1)1 {l]c ScaWillcls  dcsigll  ])roccss$  two lnctrics  arc CII1})1OYCXI  to assess i 11(’ ]wrforlnallcc  c)f tile

sigllal+  ]Ic)isc  filtm: tllc fract,icnl  c)f tile CC1lC)  cllm-gy  passccl  b-y the filtmr, aIId tllc l)op~)ler

mmpcnsatio]l  error. ‘1’110 fradim] of the d]o c!l]crgy  ]msd, p~f; , is

r 1}~,  (LL~)[2~;(&~)dLLJ

‘F’ = -  ‘--~ F;(LLJ)cL4J
( 1 5 )

WIICIC  Illr (M) [z is tllc lnap,rlituc]c  NXIXMISC of t]lc siF,llal-1  IIc)isc filt m, wllidl  is cmlt crccl  at O

11x. ‘1’lIc lk)]q)lcr  cmnlmmatioll  crror  is causm 1 by il]cxact ])rc!-cc)lll])cllsatioll  of tllc transmit

calrim for QC]]O ]Jo})]dcr  shift. Nc)lIlilla]]y,  t]lc ll)l)~)lm  s]lift,  illl~mrtcd to the Icturl)  signal

is Jmfectly ~)re-coIll])cllsatecl  and tllc dio s~mctruln  is cmntmd  ill tllc sip,llal-1  lloisc f i l ter ,

11) reality, antc!lllla  positioll uncx!~tainty and s])acccraft  attitude ullcmtaint,y  lead to mrors

ill lk)~)])lcr  trackilig. ‘J’l]crcx+ultal]t  crrc)r ill clctecti~]g,t  l)cccllc)c  llcrg,}’,  AI;,  is,qivm]  by

AI; z J /11, (w) 121’; (L4J)dLL) - / pl, (ti))yh’(ti)- Ldc,, )dti) (16)
wlicm WCT, is the error assc)ciatccl  with  a~l illcxact,  nulliug of tllc IIo]qdcr  miter frcqucmcy,

lcadil)g to al] c) ffsct il) the basetm]d  CCIIO s}mctruln. ‘J’llefiltcr  t)allcllT’icitll  lllllstl  )csllfliciclltly

wide! tc) accc)lnlnoclatc  this “jitter” ill tllc cello cmltc!r  frcqllcl]c-y,  without, ~)rodllcin~,  mccssiw!

(’mm.

lllcxaT1lillillg  tllc])crforlllallcc:  c) ftll(:s  iF,llal-ll  lcJiscf iltc:r,~i  '(:sllallclefi1~e  “filtcrovcrhcaci’)

as 1{1 – 1$,1~~, or tllc additional I)a]l(lwridtll  of tllc filter over tllc 3 (111 balldwi(lt]) of tllc

tra]mnit ~mlsc, ]11 l’igurcs 9a allcl  91),  p};  aIId A}; arc ca]culatcx] for  f ive clifl’crcllt  vducs

of llr,,s~ as a ful]ctio]l  of filter ovcrllcad. III cvaluatill~  l’kl. (15) a])d }Ikl,  (16), J’;(w) i s

collllmtccl  with tllc l)(w) t}lat results frc)rll  tllc! illllcr  tmaln  SCaIIIICd to .W clcgrms  w,ilnutll,

111nxi111i7,illg  tllc frcqumlcy dis}msioll  duc to l)o])])lcr. Note that ill tllc case of I),,,Sk : ()

kll~,, tllc trallslnit  signal i s  tllc uIIIIIodulatcd carrim :LIId  tllc CCIIO s~xxtru]ll  i s  tllc SaIIIC

a s  tllc l)o~)])lcr  spcctruln. ‘J’hc filtm lIlagllitudc  rcs]mm is a  btll ordc:r IIuttcrw’cntll, all

(!xa?n])lc! o f  w]lidl f o r  ~JT =- 80 kllz  is S]lC)W!I ill Itigurc! 8. III coln~)utillF,  Al;,  tllc ])o]qdcr

cml]mwtion  error was fixd at 1(1 kllz  (WCT.I  =- 2n x 104 rad/see), tllc alltici~mtcd  ll]axi~llulll

Va]UC fc)r tll~ ScaWillds  dcsig)l.

13



Rmm F’igurcs  9a a)d 91), wc call clc!tmninc a rdatimwllip  lmtwecn the tramnittcc]  }J,r,sk

tlJld  tllc rcquird  1$. ‘Jo ilwurc that a sufiicimlt  fractioll of tllc CCIIO (IIICrgy  is ]msscxl,  w c

mplirc.  t,lmt t,]m f~ltm b{: wick (!Im@l to ]mss 90’% of tl~c dm c’lmgy. ‘Jo lnillill~im frcxpmlcy

jitt(:r  il)dllccxl  CIroI-s  ill tl)c It]mwurcII)cvIt  of CCIIO mt urn cllcv-gy, wc require Al.; to I)(s < 0.15

(111.  Ap]Jyi~lg  t}lcse  mitcria tc) lrigurm  9a and 9}), we SC!C that the-y arc satisfied for a filter

ovcrllcacl  c)f bdwc!ml  30 kllz allcl  50 kllz,  clqmlditlg  C)II w’llidl  ll,,,sk is cxalnillcd;  tllc I )oppler

i~l(lucccl error being the Imirnary  factor  fcm low va]ucs  of l~7,,s~  aTIcl tllc }mccmtagc mmg~’

l(xluircnlmlt  Lwingmorc  iml)ortant  fcm ]argevalucsof  l$,,s~. III ollrtraclc-ofl  atlalyscstc)fitld

tllco~)tilllulll  rrlodlllatio~l  baudwidtll,  wcwill  findit  llscflll  tc)llavc ap,ellcralizccl  relatioxlslli~)

I)c:twcml  l;nls~  ancl I]r. Such ;irelatic)llslli])lllay  bc! givcnl  t)y:

IJ, ~ 11,,,.~-t 40A-112. (17)

‘.l’lius,  wc will size: tllc bandwidth of tllc! sigllali-noise  filter to Lm 40 kllz larger tllall tllc 3

(111 baudwic]th  of the trallslnit  pulse spectrum.

‘1’l]c ]-olc of the nois(:-ollly  filtcT is to ~)roviclc a sqmratc Iilca.surcl]lcllt  so that tllc tllcrlnal

llc)is(:cc)lll~)c)llcllt  can I)c!sul)tractccl  frc)ln  tllcsigllal-t  lloisc!. As shcnv]l i~l tl)c cc)xillmnioll  l)almr

[11 ], the mltritmticm  to Kl, duc to t}m IJois(:-ollly  mcm.surmncv)t  is ]nillilnizd  fbr IJ7, >> IIr.

l;c)r tllc range  of ll,rls~ mld I;r colwidcmcl ill the ScaWil]cls  traclc-offmalyscs  - ll,,ts~  v ()

icj 160 kllz, ~~, = 4(I tc) 200 kllz  - :illc)isc-c)l~lyfiltcr  tmlclwicitll  of 11,, ~ 1 h411~,  will lnmt

this  (c)]l(litic)ll.  11) gm]cral,  hmwwcr. ttlc ])rcciscsdmtioll  of tll(!  llois(!-c)l]ly  filter }mralnctms

is a less critical 011(: tllall tllc sdmtic)ll  c)f tllc sigrla]~ IIc)isc fi]tcr ~)arall]ctcm+,
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Astil]exall)~J]  c,]riglllc]  ~s]lc)wsA, ~~,allc]c  ~[is:lf Ll~lctiollo  fazilll~lt]lf  orl J,rt~k = ~ok~]~,

IIr = 80 kllz, mld 11,, =- 1 Ml]z.  N o t e  IIOWF, cx)llsist,mlt  wit,]] tllc~c)ljscr~~atic)lls  it~ [1]), t,llc,

“A” tmln  l~arics  sigl]ificalltlJ~  I\’itll azilllutl].

Nois(:-tcpsiglla]  ratio,  S, isall  cqual]y ilnl~orta~lt  co:widmatioli  il~ tl~etr:~[lc~-(>  fl~illtilysis,

‘Jb illsurc:  that KT, is o]ltilnimxI  ovm tl]c full rallp,c of ])ossib]c ocwall  wind mllditiolls,  S’ is

calcwlatcd  from l+lq, (9) for tl~rcc  rc~mscllt,ativc CIc]lo  rcturll  c]]mgim  corrcx])olldinF,  to low

w~il~d (3 in/s), lnodorate  wi~lcl  (8 1]1/s), and high wind (20 1]1/s)  s]wccl. ‘1’imc  CCIIC)  return

stre.ll~t}ls  areshow]l  ill ‘J’ab]c  3, allcl  were coll~~)utcd  usil~g t]lc Iml]inal  %awinds  il]strumm]t

]Jaralnctmsalld  tllcavcrageo”  astakellfroln  tl]c “SASS-2” Inodcl  fullcticnl [1’7]. ‘1’llcvalucs

of l;~  arc givm] ill cIIIJc)uIcs at tllc i]l~)ut tc) the SeaWillds  rcmivcr, ‘J’l]c t]lcmllal  Iloisc:  ~]owm

slxwtral  c]c!)]sity,  ?LO, is assulncxl to bc -2(K) dllW/Ilz.

1]1 l’igurcx h a ,  llb, alld IIc, K,, vs. azilnut,ll allglc  for a rallgc!  of ll,,~s~  is ~)lottcd for

cad]  beam  at tllc tlm!c rqmscmtativc  w i n d  s]xwcls. Ilczamc tllc Cfl(:cts  of lnoclulatic)ll  arc

llcarlysylnlnckric  wit]] azimuth cpadrant,  c)l]lytllc azimut]l  range  betwcml O alld 90 dc!grwc,s

is S} IOWJI. Note  that  transmit  ll~oclulatio]]  sigllificantly rcclucm  Kl, for Inost of tl]c swa th ,

I)ut c) flerslit,tlc  i~ll]}rc)vcl]lc~  llt fc)rscz~ll  z~llgles ~Joilltcclf c)rw~:irclo  raftc)ftl lcs~jacCcraft-  IIcar

Oallc]  180dcgrc:cs. ‘I’llc!  cllrvesa lsc~cxl~ibital  lilll})ort)al~t trmld asafllllctioxl  of~!’illcls])eccl.

At tl]c!lligh willcl  s~mclswl m-c S isslnall,  tl~c “ A ”  troll  ill }~cl. (8) dc)mil)atmallcl  a larger

ll,,,s~ lc:ads  t o  lower KJ). ‘Jlus,  ill a llig}l  SNI{ cl]virc)l)tncnlt, IIlm.sllrclncrlt  accuracy  CZLII

lmiln]mwcd by ~Ilodulatillp,  t}losigIlal  aIlcl col]scqum]tly  il]crcasi])p,  tll(:c!fl’cctivc  IIulllbc!r  c)f

illdclxnlclcu]t  sall]])l(:s. At lower willcl SIXW(lS,  llowmwr, 1{]) cat] actually i]meas(:  for largm

11,,,~~, ‘J’l)isis  ~)articular]y cwiclcnit  for t]]c!illllcrbc!aln  casc ill ]Jigurc!  IIa, l]c:rc!, the ~) CIICfit

cl(:riwcl froIn Inc)clulatiIlg  the sigylal  is  ovmcoII]c  try tl)c c]dctmious  Cflwt c)f i]lcxmsiI1g  IIr

a]lcl ~mssi)]g  rnorc tl]cmllal  Iloisc  tc) t,llc  (Ictector.

A]] cva]uaticn)  c) ftllc curves irl l’igum 11 lc:c1  tc, tllc:sc!lectic)]]  of II,,,SK = 40 kl]z and  1],

=- 80 kIIz for ScaWinds.  l{cdativc tc) tile u~ltnodulatc!d  case ,  II,,,,k z 40 kllz sigllificalltly

illl])rovcs  K], Ixmfcn-lnat)cc!  ovc:r ll~ost of  tllc! s w a t h  at)cl fcm lnost wi)lcl  cot~ditic)lls.  I,ow(:r

valum of 11,,,~~  ])]-oducccl  infcricm Imfcmnalm at lliF,ll  atlcl lnoclcxatc  wil~d spcwc]s, ilj p,c:nsral

failill?,  tllc lncct  tllc Jmrfc)rtnallc.c  goal of K], < ().17. lIigllm values of }J,,,s~ w(m  judged

to ]mclucx! umksirably  large 1{7)  at lcnv s]xwcis. l)uoto tllcgrcatlcr  scicn}tific  iln~)c)rtallcx:of

l]igll  w’il~d  lmasurcmmnts,  acl(:Src:c  (Jf~)c:rfc)rlllallcc  clcg,raclatioll  at low wind S]) C! CCIS,  SUCII  a.~



t}lat,cx]mrimlczcl  wit]]  }J,,L~~ = 40k IlzfcJrt  llci1111c:rl)Ca111  at3111/s,I  \’asc]cc:lllccla  c:cel)tnt)le.

Notctll[it  fc)r tllcvalues  of S acl]icwal)lc  wit])  tl)c ScaWi:lds  clmigll  ]mralnctcrs,  tllcp,oa]  o f

1{1, < ().17 is IIot ~)c)ssiblc:  at, tllc very lcmvmt willcl  s~)c!cxls  for ally IIlc)clulatioll  balidwidtll.

1 )es])itc  I)cil]p, “KI) lir]litcxl”  ratl]cu  tllall “lnc)clcJ  fullctioll lirllitcxl”  ill tllc less critical lcnv wil]cl

S] XX!C] regime, ScmWillds ]wrfc)rlnallm  silllulaticnls  illdicatc  that tllc dcsirecl Inc!asurcmcnlt

acxmmcics  will still lm lnd [1 8].

A s  discmsscxl  ix) [1 1), t,hc clcicmnixlaticnl  c)f l; s mtl bc lnadc  w i t h  cithm  of two cliffcmmt

dcicxt,icnl  Scl]cnnes,  (1 ) sigl]al-i  Iloise  cnlmp,y  and llc)ise-ollly  mlcqyy  are II]casurcd  at, t}le sa~nc

tiI[lc and ill the salnc balid  (tc:rlncd “sirl]~lltalleo~ls” detmticm),  cm (2) cxho allcl IIoisc:  cmc!rgy

are nlcmsurml  a t  diffcmmt tilnm  or ill cliflcrcult  l)atlcls  ( “llol)-sixllllltallcc)lls”  dctmticm).  III

tl)e case of Iloll-si]]lllltnllcolls  dctcxtic)xl,  tlic cx]]o al]d llc)isc  Illmsurmnmlts  arc: illcic~xmclcmt,

il] the ovmlap])ing case tl)cy arc Ilc)t.

‘1’llc!lllilliltl~llll  K], is achicwcl fc)r lloll-sillllllta~  lcc)lls  clctcctioll. P’c)r ScmWillcls,  llowmwr,

tllcxw  are clistillcl  aclvalltap,cx  t o  usitlg  silnultal)ec)us  [Ict,ccticn]. IIcxausc:  tllc al)tcllna  i s

sca]l;lillg,  the SCCIIC brip,lltllcxs  tcln]m-ature,  which colltributm  to tllc! IIoisc flocm w(! am

attmll])t,il)g  tc) sul)tract out, lIlay  cJlallgc  quickly (SCW l~igur~ 3). ‘1’llis will bc ]m~ticularly

tl-uc IIcar c)ccall/lalld  c)r cxwatl/icx  l)c)u~ldarics. ‘1’llus,  a silnultallCc)us  Incmsurmncv]t  of t}lc

IIoisc:  mlmgy will clil]lillatc ])c)tc:lltial  l)iasm duc tc) s})atial  lllislocatiol]  with res]mc:t tc) tllc

CXIIC)  ll~casurcm~w~(.  A]) aclclitic)llal  reascnl  tc) clmire silnultallcmls  clcimtioll is tc) si]nl)lify  the

IIarc]wam; tile tilIlillg  ancl 11~ frec]ucllcies  arc! tllc SaIIIC for tllc:  two IIlcmsurcmcvlts.

‘1{) asscss the:  clcgrcm of clcgraclaticn)  ill 1{1, suffcmcl  by usillg  a simultalwcm clctwtion

scllmnc,  1{1, fc)rt]lc sillllllttillcc)  llsallcl lloll-silllllltat  lcc)lls  c2isc:s  IvCrcc:c)111])2~  rcci fc)rt,llc  sclcctc!cl

ScmWillc]s  lnoclulatic)]l  allcl filtm ])aralllctms, It wa.<  fc)u]lcl that tllc ]m-cmltag,c  K], illcrcmc

duc tc~ usit~p, tllc:  siltlultalle.c)us  scl)cxllc  w a s  less tllal] 3% all ac.cxqkable  mncmllt.  ‘J’his  i s

clue tc) tllc fact that, as ])oilltccl  C)ut  ill [1 1], KT, for tile sill]ultalleous  cCasC a])~)rcmcllm  that

o f  t]lc? llc)ll-si]ll~lltallc!o~ls  cmsc W]]CII ~~r, >> ~]r. ‘J’llis  is  t rue fcm %a~~i]lc]s  :LS 1$, > ] hfl~lz

a]ld IIT = 80 kllz.



1 V. Summary

‘1’llc  furlctimml clcsig,[l atld rwlativc adwultagm  o f  tllc SeaWillds  scattmnncim  llavc tmm]

(Iescribc!d.  IImausc!  ScxiWillds  eln~)lcyi a  cmlll])acl  disl] alltclllLa  ratllcl tllall lllulti~)le  fatl-

lXZIII1  atltmlllas, tile illstrull~mlt  is IIlore easily amc)lnlnodatcd  01) slmx!maft  thall  ])rcwiously

flowrl  scattmonmtcm, ‘1’llc  ScaWillds  swath is )800 kill  wiclc  atld will allow glc)bal  omatl

surface: wi]lds  to hc: Incasurml Illorc:  frcqumltly.

It wasdcmonstratd  how ScaWilldsa”  nmasurm]mlt  variallccislllilJilllizec]  bycmploy-

i~lg h4SK lIlodulatioll  of tllc tralmnit  ~)ulsc. l~or tllc SeaWixlds syslmn tllc!rc: is a trade-ofl

l)ctu~c:cll~  )crforl~la~lccat  llighm willcl s]mccls,  wllicllisellllallcccl  bylnodulatioll,  and lmrfor-

lnallcc at  lowm w’illcl s~mxls, wllicll  lnay bc dcgradml by lncdulaticm. ‘J’llC Selcwtcd  modu-

lation  a]ld filter ])aralncicxs  - ll,,l~k = 40kIIz, 111 =. 80kIlz,  11,, F 1  hlll~-  illsurctllat

lmasurenlcwts  at modm-at[:  and high wind specx]s arc significantly il[l]movml,  wlmrcas o]dy

slight degradation occurs at low willd s]mcls.  At lligll  wirlcl  SIKWCIS, whic Jl arc of illtmm sci-

mltjific  iI1tcmxt,  0° mmsurellmlt acxurac.y  is itllprovec]  by 40% c)wr tlm Ilc~lllc)dllltitic)Il  ca. w.

‘1’llis inl~mcwcci  0° nlcmsurcn1)c91t  accuracy  w’ill  bri]lg about a correspol)dil)g  il]l}mcmlncmt  in

wi]ld  rctricwal accuracy.

l)llctotllcillllercllt  aclv[itltap,es  c) ftlle~)el]cil-l}cf  ill) a~)~)roacll,  f~ltllrc  sct~tterc)lllcters  ys-

tellls which follow ScaWillcls  arc likcdy tc) usc a similar arcllitectur~.  Altlloup,ll we have

Concxmtratcxl  01] the s~mcific  SeaWillds  dmigll, it is llo]md that thc dc!si~]]  issum aIid trade-

ofl’s discussml will Im of general  utility for othm  spaccborllc:  scattmomcters.
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Figure! Captions

l’ip,llrc!  1 :  SmWilJds  I1lC!MUM!IIICI1( gcmllml”,v.

1(’ip,urc 3: lGx])atlsic)ll  of boxe.cl mgioll  ill Figure 2 illustrating, s]millg  of 0° Incasuro[lcnlts.
Mmsurc!lncnlt  footlJ)rillts  are ddillcxl  by 3 cl]) colltoul of tl]c antclltla  ]mtt,mll.

l“igum 6: l’kqum]cy  clcnnai]l  reprmv]tatimi  o f  Sca\Yillds CCI1O dcimtioll.  SI1mvII am tllc
cello s]mctjruln,  white  tlwrlnal  ]Ic)isc  s}wctml]l , m)d t}lc sig~lal-1 lloisc and “lloisc-ollly”  filtmr
1’CS )011s(>s.1

l~ip,um ‘7: SCaWillds  trallslnit  and dciml,iol)  tilnillg.
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l~igum 1 1 :  Kl, v s .  azi]nuth  fc)r diflmvlt  valum of l;,,l~~.  ([i) 3 111/s wi]ld,  (1)) 8 111/s wi]]d,

([) 20 ]11/s wiIld.
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