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Abstract - A slx]tligllt  aircraft  SAli  ill a c.irc~llal  {liFJIt  ]IatlI
call cflicicultl.y  obtail]  al] iIna F;c w i t h  v(:ry lli~;ll  azilll(ltll  rcs-
olutiml 01 a w’idcr  azi]])utll  vicwil]g aIIglc. AI I al]alysis  0 1 1
tlIc s;)otligllt  SA1{ is )Ilad(: rcgar(lil]g  tlIc le(luird 1’1{11’,  tl)c
]~mdictcd  rcsolutiol] ,  alId tl)IC c{)]]]j)[](,:~tic~]l col]]j)lcxit,y as a
fullctiol]  of tllc:aimaftl altitudcalld  tll(:(listaIlcc  })(:twwcll  a
targ;ct  aIId t]Ic ccIIl,cI’  o f  tlIc  flip!l~ ])at]I ])roj(!ctioli.  All cf-
ficimlt  ])r(mssill~;  algorithlll  IJascd 011 tlIc exact wide lWaIII
sljcctIuIII  is ]) Imc]Itcd. ‘J’lIc  r(!sults o f  sill]lllatioll  ir]dicatc
tllattll(!i  l)l])lllscl  cs])c)ljsc~sIl  imttllcl)lc  clict(:(l  ]t~solt]tic)]l])[:]-
forll)allcc,

l{cywc)rc]s: SAI{, sl)otligllt-l])c)(lc,  msol~]tioll, 1’1{11’, tilnc-
l)alldwidt,ll  ])r(duct,  rcfclculcc  fullct,iol],  l)roc.cssill~,  a]g;oritllll].~

IN2’I{OII1JC’J’1ON

A  w’id(:  azilllut])  l - m a i n  SAll c.aII ofl’u lii~,ller  lcsol~ltiol}  or
w i d e r  aziI]mtll  vicwil]g  aIIg;lc; two factors that IIcI1) ljcttcr
Cllarac.twizc  tlIc l)ackscatkril]~;  ])m])crty  o f  tti]g(:ts  for val-
ious  scimlcc  a])l)licatioIls. OIIc disadva]ltap;c  of wide Ixm]n
SAI{ is tlIat a IIIUCII  l]igllcr  l)UISC rc])ct,itioll  frCCJ~ICIIC.y  (l’1{ 1’)
is  usual ly required si]lcc 1)1{1”  is ]Jro]m]tio]]al  to t,l]c radal-
l.mil]lall!;lc.  'l'llis j)lc}l~lclllc alll)cl c.s()l\'c{l[l sil]g,as ])()tligl~t-
11)[)(1(! Collcx!])t: stxcri]]g  a IIa Irow’ LCZIIII SAI{ to a f ixed s])ot,
011 tllcgl’oun(l. ‘J’lIc  drawback of a sl)otli~;l]t-]]lc)(l(:  SAI{ is its
li]]]itd  c.cwcrag;c. A  co]]vc]ttio~lal  s])otli~,llt-]l](J(lcSAl{  o])cl-
atc.s alo]lg  a straiglltl  lillc pat]]  as slIow’11 i]) I’igurc la, It, cal I
h SIIOW’11 that s~)otlig~lt-][lc~clc  SAI{ t,llat f o l l o w s  a straight
lil]c ]mtl] IIas diff icul ty ilI acl]icvillpj  t}lc ultili  late rcsolutio]~
of A/4. It also callllot  utilize tlI(: full 180 (Icgrec  of azillmtli
vicwillg  aIIglc that call bc att,ai]td  oIIly WIICII tlIc  sy]ltllctic
alm{lurc  lcIIp,tl I a])proac]ics  il]fi]lity.

A  s])ot]ig;]lt-lIlo(]  cSA]{ call a]sol)co]matc(l  fro]]]  a circular
fligl)t ~)atli a s  slIowIl ill l“ig;urc 1.1). ‘J’l]is  ty]w of s]mtliglit-
II IOd C SAlt offers several adva]lt,agcs: (1 )  rclativc]y  easy  to
adlicvc  tllc  ulti  JI)at,c  azil])utll  rcsolutiolij  (2) it allows  a full
360 dcgmc of vicwil)g  al]glc,  (3) t)lICIC is  IIO II(d to s t e e r
tllc r a d a r ,  and ( 4 )  tllc rcquird  1’1{1~  call l)c scalcxl dm\III
acc.or(lillg to tlIc ratio bctw’cmt  tllc  radius  o f  tlIc  Ia(lar s~]ot
to t,lIc radius of tlic  flight. l~atlt.

SI’O’J’I,IGI12’  SA1{ ANA I,YSIS

IJcw MI aircraft SAI{ ill a circular  ]MtlI as SIIOWII itl l“ip,(lrc. 2,,
tl]c  sla]tt  raII~;e l]istory  of a ]Joi]lt-target is ~,iv(’]1  I)y



and ]] =- ?]{~(]toc.osoc  -  ]/b).

111 tllc al)ovc  Cquatiolls, Oc i s  t,lIc rada] elcvdtioll  all~;lc,  }{0
is Slant! l’allg(:  l)(!t,wml  t!ll(! radar and tll(!  Lal’get> at tlllc  I)calll

cultcr, J{L is tlIc riidius  of tlIc  fli~,llt,  ])EItlI, a]I(I 01 is tl)(: allglc
])ctwccll  t,l)c radar at t]le  lljiliilJllll))  raltp;c  to (]1(! targ(!t, t]lc
ccIltcr  of t}]c flight,  circle,  a]lcl tl)lc  radar at til)w  of i]ltcr(xt.
,Sillcc.  tiillc is dircdy ])ro]mtlicn}al  to O], t h i s  fullc.tiol] CaII
a lso I)c cx})rcsscd usiliF; t.illlc  as tl]c varial)lc,  i.e.

r

‘1’o ])rovidc  bcttm i]]sigl)t  iI]k) tlIc s])ot-ligl}t  !SAl{  cllaractc~-
istics, it is aSSIIIIICd  L}ldtr tllc radar l)caIII widtl  I is ulllilnit,cd
SUCII t,llat ally targ,ct  Wit)llill  tllc l)atl) ])lojcct,ioll i s  illullli -
IIated  a l l  tllc  ti]nc  duIiI I/; ]I]a])])i])g. ‘J1o ddcrll]il)c  tlllc az-
il]]utll rcsolutioll,  it is lIcxcssa  Iy to dctcrli)illc  t,l)c I)]axill)ulIl
lk)])])lcr  l)a])dwidtll.  ‘1’llis  ca]t l)C acc.olnl)lisll(:(l  l)y cv.aluatillg
tllc zero  c.rossil]g  tilnc o f  tl]c 1 )o])]~lm frc(plol(:y  rat{!. ‘] ’11(:
l)o~)])lcr  IJistory  is tllc!  derivative of tllc  slant rall~,c, i.e.

l’]ots  of bot]l  tl)c slant IaIIgC IIistory  and  llol)])lm  IIistory  arc
givcl)  ill IJ;gurc  3 . ‘1’llc!  histoJ’y of tllc!  1)0]) ])1(!1’  frqlcllcy  l) C’-
gil)s  wit]] Ollz a t  tl]c Inil)ill]ul]l sldllt  raII#;c ~)oillt, dumascs
to  tl]c IIliliillluln  l)o])])lcr  (l~cgativc  value),  illcrcascs l)ac.k t o
Ollz at tllc IIlaxill]um slant, rallp;c ]Joillt, kcc.])s illcrcasillg u~)
t o  ill{:  IIlaxilllllll”)  I) O])])ICI’, a n d  tllcl] dcm!asc!s  l)ack to OIlz

aftlcr a Cn))])lc!t,c  cycle. lhscd  0]] this, o]]c call divide a c.o]l)-
~)lctc c i r c l e  ;Ilto two al)crturm  wit]]  cquivalclltl balldw’iclt}l.
IJdtcr,  tlic a]wrturc with a 1 h])l)lm  rallgill~,  froll) i t s  l]~axi-
11111111  to its IIlil)ilnuln al]d C.ol)sistillg  of tll(! IIlillill)uln  slant
ra]lgc  l)oillt  is rcfcrrd to as tl]c  })riIIci])lc  a})crt,urc,  ‘I’l Ic
otllcr a])crt,urc  is rcfcrrd to as tjllc  colnl~}elnclltf  a]}erturc.

‘~’11(: 1 )o])])lm fqllc])cy rate variat,io]l is giv(ql  by

‘1’lic solutioli  of tllc  t;lllc  at wl)icll  /, is qua] to zero is givcl)
I)y
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‘1’llcrcforc,  tllc 1 )O})])lcr  l.)alldwidtlI,  dcl Iotcd as ~’, is givcl]
I)y t!w’o  tiIIIcs tl)c  al)solllt(! Vall]c! of t!llc l)o]q)h  at, Ollc of tllc
solu(liol]  give])  :Il)ovc. Since  1“ varies as a fullctiol] of l)otl  I
tlIc aircraft  a l t i t ude  Z altd targ;ct  radius  I/y, it is givcll  I)y

‘1’l)c azi]lmill  rmolution  is t,llus  givcll by t,l](:  rcci})roc.dl  of tl)c.
lml)dwi(ltll  lnultil)lic(l  wi th  t,lIc cffcctivc  vc]ocity  +’( v, or

‘1’lIc variations of tlIc  resolution al~d tl~c lh)l)l)lcl  Iml)dw’idtl]
as a fullctiolj  o f  tllc targd locatiolt are ])lottc(l ill I“ig,\llc
4.a and l“ig;urc  4.1). I t  slIould  lN IIotcd  tlIat tlIcsc l)lots also
illcludc  tllc targctls  locatd  out,sidc  of tlIc ve r t i ca l  cylil]dc]
colltail]illg;  tllc orbit bccausc  t,l)cy call also  l)c illlagcd  as lo]lg
as Ial]gc  alllhi~uity  c.al] h avoidd. It is illtcrcstill~; to sec
that tl]c ultilr]atlc  rcsc)lutioli of A/4 CaII lx: aclIievcd foI tal-
gcts fallillg;  0 1 1  tlIc orbit l)la]lc aIId l)ou IIdd hy tllc  circu-
lar orl)it. ‘J’l]c msolutiol]  widtl)  illcrcasm lil)carly  as t,argcts
shift radially out,sidc  of tl)c  orbit. ‘1’l]c IIo1)I)l(v }~alldwi(lt]l
dcc.rca.scs  as tl]c targct,s  alqnwacll  h tl]c  cclltcr of t,l]c orbi t ,
‘J’llis  illl~)lics  that for t a r g e t s  loc.atcd  011 tllc  oll)it  ])lal]c a~ld
lwuIIdcd  I)y tlIc  orl)itl  tllc rcquid 1’1{1”  i s  ])ro])ortio]lal  to
tl]c  distal]cc  fro]rl target  Lo orl)it  cc]]tcr.

Collsidcr  a s~xxial  c.asc wlIcrc  Z = O al]d 1{1 al)l)roaclics
I/h. Accordillg  to tlIc  balidwidtli  cquatio]l  givml almvc,  wc
IIIaV find Lllat, tlIc  required l’1{1~ is cwual to 41)IA.  ‘J’llis  iIldi -.
catcs that tllc rcquid salnplil]g  s])ficillg  is madly A/4 wl)icli
equals to tlic ult]ill]atc  azilnutll rcsolutiol].

‘J’llc  ti]]lc illtmval of tllc ])rillc.i])le  a])crturc. is g,ivcli I)y

]]2)1/2
)

IL will Iw l]lom  col]vcllicllt  to Cx])rcss  t}lc a~)crturc  tilllc  illtcr-
val as a value IIorlllalid  by tllc ]miod of a cc)ln])k!tc flight
c.irc]c.  ‘J’l]c  coln])lcxity  of SAlt l)roccssillg  is  usual ly dct(:r-
lnillcd  I)y Ll)c llulnlm of sall]])lcs witllill  tllc  alwrturc or tllc
wduc  of tl]c  ti]]lc-ba]]d}t’i(ltll produd  ‘J’lll)  give]]  hy

‘J’IH’(Z, 1/-1) = Y;,(Z, Ry’)F(Z,  NY’)
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llotlI  IIorIIIdlizcd  tjll)c  jlit,c!rval  of tlI(:  a])(:It,IIIc aIId t,lIc iilIIc-

balldw’idtll  ])roduct, arc SIIOWII jll l“j~,llr(:  5.a aIId l’igIIIc 5 .1 . ) .

III suIIIIIIary, t,lIc aJ)alysis  i]] this scc(ioll  lca(ls t o  tlic dctcl-
IIlillatiol]  o f  t,llc l’l{IP for cqwratjllg  tllc sl)otligl]t  r.a(la J, tl)IC

l) Jedic.tcd rcso]utiol), t!llc tiJll(!  illt!cJ’val  of tllc a})c.l”tlll”c  a n d

tllc tiI1lc-l~al)cl}\~j(ltl) ])mduct  to l)c SCI(:C((X1  f o r  si~;llal  1)10
ccssil)g.

SI)O’J’l,IGI1’J’  SAI{ I’I{OCII;SSING  Al, GOl{12’llh4

SCvcral dg;orjtlllns  were ])1’C!SC1ltC(] foJ”  ])roccssjlig  s])otligllt-
JrIodc SAli dat,a  or t,]lc rotati  Jlg ol)jcct, data. ‘J IIICSC  alg[)-
rit}l]]]s  i]]cludc  tlIc wcl] kIIOW~JI  I’a II F; C-]) O])l)](!J  a]~,OIjl,lIIJI  aj)-

J]liccl  tc)s[lbaJ)clt[ll  es,tll[:La ckl)rc)jct:ti{)Il  l)loc.cssiIlgl]ictl]c)(l
(h~u]mn,ct.  al., []]) COJ1”J1110111}7  USC({ jl, COJ,,l)lltC1-ai(  ]C(i

toIImgIa])lIy  (CA’J’), a]Id tlIc ]ml;r for{]lat  l)roccssillg  alt$h
l’it])Jr)  (A~ls]jcrlI)aJ) ,  c t .  al [ 2 ] ) .  (JIIc cssclltial  assulr)])tioll

rc(luid  for  bot]l t}Ic CArl’ and  ]mlar  alp;oJit,]jlj]s  js t]lat t]lc
{lill]cllsioJl  o f  t,llc iJ1lagcd arm js ll)ucli ]($S t]liiJl  tlIe radar
to  txtrg;ct  distaJ1cc. otllcr  ~)JOcmsillg  algolitllJiis  devised fol
iJIla/?;i  Jlf; rotatj  J)g ol)jd include  a tOIIK)/,1’dJ)]liC  cxt)ellsiol)  of

I)o1)l)lcI  l)roc.cssillg;  al?;oritlllll  (hlmlsa,  e t , .  al, [3)) aJ)d a

l’a.ll/,C-  ])()])]>lCl  ])l’OC.CSSj Jl~ al/; OI’it]l  IIl (\~~a]k(:J’, ~, [4]). ‘] ’]1(’
fiJ3t Il]dl)od  jsslJital)lc(  )lllyf[)ri  Illagill F,sl)alscal  jays{  )fc)l)-
jccts duc to jts IIigllcr  jl)tcg;ratd  sidc]olx  ratio (1 S1,1/);  and
Imtl] alg;oritllllls  a l so  r e ly  0]) ljllc assur])l)tioll  of lfiIgc radar
to taqy!t  dkt,al)cc. AI1 mad solutiol)  fo ra  cilc[llaral)crt~l~c:
a c o u s t i c  ilnagi]lp;  sys{cIII  was ~)rcsc.l)td  l)y Nort,ol)  [5]. ‘J’llis
alF,olitllI])lc{~llilcs  tllc>i I1ll)lcll]cIltatic)Il  ofa quasi-fast IJallkcl
trallsforll)  wllicl)  js IIot very cflicicJlt).

‘J’IIc diff icul ty i]] ])roc.cssi  Jlg sl)otli?;lit-lllo(l(:  SAI{ data cml-
lcctcd froll] acjrculaJ  pat])  js t h a t  tl)c  l)o])l)lcr  llistoryof  a
lmillt,  t a r g e t  jl)vo]vcs IIlally  ]Iig]lcr  o](]c]  tcrJlls  and t,]lat  t,]]c
dc])tll  of focus is very shallow. ‘]’0 OVC1’CO1llC  t]l(! fiMt pJ”Ol)-

lcII),  tllc!algoritl)]l]  l)rol)osd llcIcIIIfikc  uscof all exac t  2?-1)
sl)cctruln  of a })oiIlt Largct  (JjIl,  1992 [6]) ill a raII~,c I) O])l)]CJ

lilw ])roccssill.g a])proac]l. ‘J’oc)vcrcmnc t]]c S(!(”0])({  ]) J’o1}]cJ]],
tlllis  algoritllln  cflicicn)tly ul)datcs  jtls  Icfcrcllcc ful)d,ioli a s
frcqumltly as rcquid.

Accodil~S to [6], tl]c ]I)agl]itudc  a]]d tllc l)ltasc  of a rcfcm]cc
S])(!C,t,J’UIJl aJ(! givml  hy

dz(- (tit -1 LLJo).21/(f<,  )/c) - 1/2
/l(LL+,  Ld) = /27r  1- (1.(1)

[11 2

{

Ices- ] ((Y(LL)l, ”))Ldl
?/)(0,,  w) = (!xp j(–———  ,),l{L – - 2A, ~A + k~tij- ; )}1

(1 .1))
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w])~].c  &-) js L])(!  azillllltll  allg;  ulm frc!qllcllc.y,  k~T is tllc  lallg(!
ali~,ll]al’  fl’(!q  UCll  C.j’,  LIJ()  iS t,]l(!  tillF;lll~l’  fl’(’(]11~’ll(y  of 111(’  ~~1”1’i~l  >

tiIId  k., is c!qual  to w, /c, wlIcrc  c is tlIc s]md of liF,llt.

‘J’l Ic Imsic corrc]atioll  stc})s for tlIc  slmt-ligllij  IIIOdC  l)roccssillp,
~,.~

(1)

(2)

(3)

slllllIIlarizcd  1) C1OW.

l)crforln  sulmal]l})lillg for tlIc  CCIIO l)UISCS accor(lillg  to tlIc
radius  of tlIc  slmt arm. ‘1’llisstcl) is IIot rcquird  iftllc
l’l{lt of tllc scllsor  is t,uIIcd  to tlIat radius SIICII tlIat tlIcIc
is IIO rcdu IIda IIt data. ‘1’raIIsforIIl tlIc SAI{ data il]t,o  its
s])mtl’ulll  l)y a 2-1) 1“1’”1’ ])1’[)CRSS.

l’crforlll  a 2-1) SAI{ corrclatiol]. l’or cacll azilllutll  lillc
wit]) a col)stalit ra]lgc  l)ositioll, a rdcml]cc sl)cctru]]]  is
p;cllcrakd accol:ding;  to quatioll  (l). Corrclatio]l  is ]m-
fc)llIlccll  )J'l Illlltl]Jl)~illgt  llc(latas })cctl~llllall(l  tllccollju-
gatcd  rcfcm]lcc, avcragil]F,  i]) raII~;c,  aII(l lmforlllil)g  all
il)vcrsc  azilmltll 1“1’’’1’. ‘J’llis  isrq)catcd  forcac]l axill~ut]l
lil)c.

l’cIforIIl gymnctric  msal]]plil]g  to corrmt for tlIc ~;coIIm
try al)d grid s})acillg. ‘]’]IC Illa])])illF,  bCtWW.11  illlilg(!  ])iX(!]S

F,(!llC1’atCd fl’0111 StC])  (~) a n d  ]) OilltS  011 t]l(:  F,l’olllld fol” a
sl)ot-lig]lt,  II IOdC sA]t i s  givcll  ill l~igulc 6.

SIMIJl,ArJ’lC)N

A  silnulation  was I)crforlllcd  to test IIIC])IOI)OSCXI  alg;ori(lllll
and to verify tl]c!  al}alysis  o]] tllc  a~jill]utll  resolution. l’lot -
tlcd ill l“ig,urc 7,a and 7.1.). arc tllc  ill]])ulsc  r(,sl)o]]scs o f  two
aircraft  s]mtligl)t  systfcllw, bc)tl]l  wit]) mm altitude. ‘1’IIc  filst
o])c l)as a rallgc  balldwidt]l  l~cillg  t,wim tllc carricl frcquulcy
SUCII  that tllc ralqy:  rcsolutiol)  is coll}])aral)lc  to tllc a~,illiutll
rcsolutioll+ ‘J’llc sc!col]d systclll  has a  ra]IF,c ljalldwidtll  l)c-
illg ,15 thccarricr  frcqumlcy. ‘J’lIc3-dl) rcsolutjiolls  ill ral)gc
and a7Jil]llltll)  o f  tlIc  fiIst  systcl]l  arc wry c l o s e  k) A/4. ‘lllIr
3-[ll)Ic:sc)llltic)Ilso  ftllcsccc)l}cl  sJ~stc]l)a lcalsoclos(!toA /4.
IIowcvcr,  it IIas a InuclI W’c)rscilltcg;latccl  sidclol)c  rhtio.

CON Cl,lJSl ON

‘1’l]c sl)otligllt  IIIOdC aircraft SAI{ ill a circular flip,llt  ])atll IIas
l)CCII  allalyzcd.  ‘1’IIc l)m])oscd  l)loccssillg  alF,olitl]lIl i s  I)otll
cflicicmt and accurate. ‘1’llis  algoritll]ll  \Vill k tcskd  using
tllc d a t a  a c q u i r e d  J1’1,/NASA  aircraft  SAli  (Alll SAli) ill
tlllc ]Iear future.

.6.
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Figure 1.a. A straight line path Spotlight-mode
SAR platform
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Figure 1.b. A circular path Spotlight-mode
SAR platform

Point of Maximum Doppler
Circular F light Path

Minimum
Slant Range

Aircrafi Flight
Direction z

oinl of Minimum,
I

I

;/

Figure 2. imaging geometry from a circular orbit
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Figure 3.a Slant Range History Plots

Figure 3.b Doppler F-requency  History Plots
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Figure 6 Spot-Ligt]t image pixel to projection mapping
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Figure 7.a Spolligt)l  Sir]mlakci lrrlpulse  Resportse
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